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Thelazia nematodes (Spirurida: Thelazioidea), are commonly known as eyeworms and 
cause ocular infections in animals and humans (Anderson 2000; Soulsby 1986). This genus 
of spirurids represents one of the most specific taxon among nematodes because of its 
very close relationship with its intermediate and final hosts (Otranto and Traversa 2005). 
Thelazia Bosc, 1819 should be considered an “endoparasite”. However, the immature and 
mature stages occur in the anterior chamber of the eye, thereby being exposed to the 
external environment. Therefore, it could be considered an “ectoparasite”. The sixteen 
species of this genus have been reported from canids, felids, ruminants, equids and 
humans (Skrjabin et al. 1971; Yamaguti 1961). They have been documented in Europe 
(Italy, France, Switzerland and Germany), Asia (China, Japan, Korea and Taiwan), North 
America (Canada and U.S.A.), South America (Peru) and South Africa. The adult worms 
live under the eyelids, nictitating membranes and lacrimal ducts. However, they are also 
found in the nose and pharynx. They are milky-white worms, with males measuring up to 
12 mm in length and females up to 18 mm in length. The numbers of pre-cloacal and post-
cloacal papillae in males differ among species. Usually, the spicules are unequal. Also, the 
location of the vaginal opening and the number of cuticular transverse striations differ 
among species. The worms are viviparous, and the first-stage larvae are passed by 
females into the lachrymal secretions where they are ingested by non-biting Diptera flies. 
Larval development takes place in the thorax and abdomen of the vector, and infective 
stages are present in 18–25 days. Development to the adult stage takes place without 
migration, and the prepatent period is between 3 and 6 weeks. The first stage larva of 
Thelazia is very short-lived in the lachrymal secretions, only surviving a few hours, and 
transmission depends upon the continuous presence of the vectors. For this reason, 
thelaziasis has a seasonal occurrence according to the seasonality of the intermediate hosts 
(Dunn 1978). The two species known to cause human thelaziasis are T. callipaeda and T. 
californiensis. T. callipaeda is commonly found in humans and animals (dogs, cats, foxes, 
wolves and rabbits) in the former Soviet Union, China, South Korea, Japan, Indonesia, 
Thailand Taiwan, and India (Anderson 2000), while T. californiensis is found in the United 
States (YJ Yang et al. 2006). Although human ocular parasitic infestation is rare, additional 
case studies are needed to fully understand the route of infestation and pathogenic 
mechanism. In final hosts, both the larval stages and adults of Thelazia spp. cause clinical 
signs such as excessive lacrimation, epiphora, conjunctivitis, keratitis and corneal ulcers 
(Hong et al. 1995; Kim, 2010; Otranto and Dutto, 2008; Singh and Singh 1993; CH Yang et 
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al. 2005). A definitive diagnosis is made by the detection of the parasites in the 
conjunctival sac. Examination of lacrimal secretions may reveal eggs or first-stage larvae. 
Also, morphological differentiation has been done on some Thelazia species using 
scanning electron microscopy (WY Choi et al. 1989; Naem 2005, 2007a,b,c). Molecular 
characterization and phylogeny of some Thelazia species have been studied by Nadler et 
al. (2007), Otranto et al. (2001, 2005b), and Traversa et al. (2005). Due to the localization of 
the nematode, thelaziasis can be treated topically by direct application of drugs into the 
eyes. Removal of the adult parasites with fine forceps, using local anasthesia, is also 
helpful. Patients with an intraocular infestation with T. callipaeda have been successfully 
treated with a pars plana vitrectomy. Michalski (1976) found that two ml of levamisole 
injected into the subconjunctival sac was more effective than levamisole given orally. 
Treatment of dog thelaziasis, caused by T. callipaeda, using a topical formulation of 10% 
imidacloprid and 2.5% moxidectin has been studied by Bianciardi and Otranto (2005). 
Also, the prophylactic use of a monthly treatment with milemycin oxime showed a 90% 
efficacy against T. callipaeda in naturally exposed dogs (Ferroglio et al., 2008). In this 
chapter, both human and animal thelaziasis will be discussed. 
2. Etiologic agent: Thelazia Bosc, 1819 
Thelazia Bosc is parasite of the conjunctival sac or lacrimal ducts of mammals and birds. 
The presence of the nematodes in these particular sites is usually sufficient for a generic 
diagnosis. The adult worms are small, thin and milky-white in color. Females measure up 
to 20 mm in length, and males measure up to 12 mm in length. The mouth has no lips and 
the anterior border of the buccal cavity is everted and divided by indentations into six 
festoons, of which four appear to be occupied by a small refractile papilliform organ. 
There are two lateral and four submedian cephalic papillae. The body may be transversely 
striated. The male’s tail is blunt, and has no caudal alae. There are many pre-cloacal 
papillae, one of which is unpaired and located in front of the anal pore and three or four 
pairs are post-cloacal. The spicules are unequal. The posterior end of the female is bluntly 
rounded, with a pair of lateral papillae near its end. The females are larviparous or 
viviparous and the vulva is in the esophageal region (Dunn 1978; Soulsby 1986). Thelazia 
species found in canids, felids, ruminants, equids, birds, and humans (Anderson 2000; 
Skrjabin et al. 1971; Yamaguti 1961).  
3. Human thelaziasis 
Very few cases of human thelaziasis are reported worldwide. There are two species of the 
genus Thelazia that have been found in the human eye,Thelazia callipaeda (Railliet and Henry 
1910) and, more rarely, Thelazia californiensis (Price 1930). The former species occurs under 
the nictitating membrane of the eye in canids, cats, rabbits, rats, monkeys and, rarely, 
humans in China, Japan, India, Burma, Korea, Taiwan, Thailand, Indonesia, Russia, Italy, 
Switzerland, Germany, and France (Anderson 2000; Otranto and Eberhard 2011; Ruytoor et 
al. 2010; YJ Yang et al. 2006). T. californiensis is mainly a parasite of dogs, but it has also been 
reported in sheep, deer, coyotes, cats, bears, and rarely humans in western North America. 
Most ocular T. californiensis infestations in humans have occurred in California, particularly 
in the Sierra Nevada Mountains. However, this worm’s habitat is also located within areas 
of New Mexico, Nevada, Arizona and Oregon (Anderson 2000; Levine 1968). 
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3.1 Thelazia callipaeda and T. californiensis 
3.1.1 Morphology 
T. callipaeda is nicknamed the “oriental eyeworm” because of its widespread prevalence in 
the Far East. Adult worms look like creamy white threads. Light and scanning electron 
microscopy have been used to study the surface of adult worms of this nematode (Arizono 
et al. 1976; DK Choi and Choi 1979; WY Choi et al. 1989; Kagei et al. 1983; Min and Chun 
1988; Miyazaki 1991). The morphological identification of T. callipaeda has been reviewed by 
Otranto et al. (2003a). In both sexes, the mouth opening has a hexagonal profile. The internal 
margins of the buccal capsule are everted and subdivided by excavations into 6 festoons. 
SEM observations on the female T. callipaeda showed only one pocket-shaped amphid at the 
anterior end (WY Choi et al. 1989). On the mouth opening of male T. callipaeda, two large 
head papillae were observed, which were absent in the females and were distinct from the 
cephalic papillae in both their morphology and orientation (WY Choi et al. 1989). Adult 
female T. callipaeda measure 12–18.5 mm in length and 370–510 mm in width. The vulva, 
which has a short flap, is located in the anterior region of the body, whereas the anal 
opening is 70–102 mm from the caudal end. The vagina opens at 62.0–162.2 mm (mean 108.7 
619.6 mm) anterior to the esophagus–intestinal junction. Two phasmids are present on the 
tip of the tail. The number of cuticular transverse striations was 400~650/mm on the head 
region, 250/mm on the middle region and 300~350/mm on the tail region. T. callipaeda is 
ovoviviparous rather than viviparous (Hong et al. 1988; Nagada 1964). Adult T. callipaeda 
males measure 7.7–12.8 mm in length and 338–428 mm in width at the mid-portion of the 
body. The caudal end is ventrally curved, without caudal alae. There are 15 pairs of papillae 
on the ventral surface of the caudal end, 10 of which are pre-cloacal and 5 post-cloacal. The 
first 3 of the 5 post-cloacal pairs are situated behind the cloaca near the anus, 1 pair in the 
middle, and another pair in the posterior–terminal position. The two dissimilar spicules are 
characterized by the well-defined shape of the anterior extremity of the longer left spicule 
and the typical crescent shape of the shorter right spicule (Otranto et al. 2003a). 
T. californiensis can infect humans and cause ocular thelaziasis. The females are 12-18.8 
mm long, with a vulva 800-1000 µ from the anterior end. The eggs in vitro are 51 by 29 µ, 
and are embryonated when laid. The males are 7.7-13 mm long, with unequal spicules 1.5-
1.7 mm and 150-187 µ long, respectively. A small gubernaculum may or may not present 
(Levine 1968). Also, 6-7 pairs of pre-cloacal papillae are seen at the posterior end of the 
male worm. T. californiensis is different morphologically from T. callipaeda based on the 
numbers of pre- and post-cloacal papillae in the male and the position of the vulva in the 
female (Bhaibulaya et al. 1970). 
3.1.2 Life cycle 
T. callipaeda was originally reported from Asian countries (Bhaibulaya et al. 1770; Shi et al. 
1988), where human infections with this nematode are considered to be emerging over the 
last two decades, particularly in poor rural communities ( JL Shen et al. 2006). T. callipaeda 
requires a vector which also acts as an intermediate host to accomplish its life cycle (Otranto 
et al. 2006a). Species of the dipteran family Drosophilidae (fruit flies, subfamily Steganinae) 
have been incriminated as vectors. Amiota variegata, recently taxonomically reclassified as 
Phortica variegata (Maca 1977), was first identified as the intermediate host and vector. 
However, A. okadai is also considered to be a vector of this parasite in China (summarized in 
Ortanto et al. 2006a). Phortica spp. and, to a lesser extent, Amiota spp. display a zoophilic 
behavior , i.e. they feed on ocular secretions of animals and humans in addition to feeding 
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on fruits and on fermenting tree sap (Bachli et al. 2005). Interestingly, only males of P. 
variegata were found to be infected with T. callipaeda under natural conditions in Italy 
(Otranto et al. 2006a,b), whereas both male and female flies were positive in dissection 
and/or molecular assays under experimental conditions (Otranto et al. 2003c) (Fig. 1). An 
efficient method for trapping high numbers of such drosophilid flies under natural 
conditions and determining the presence and the population dynamics of Phortica and 
Amiota spp. in Switzerland was designed by Roggero et al. (2010). In this metheod, a large 
polyethylene terephthalate (PET) container was used, oriented horizontally, with a single 
aperture covered by a net (mesh 0.4 mm) and narrowing through a funnel towards the 
brighter side of the trap. The traps were installed close to each other (maximum distance 40 
cm). All traps were baited with sliced fresh apples and peeled bananas, the bait being 
changed once per week, after collection of the flies. In another study which was carried out 
by Ortanto et al. (2005a), the results clearly suggested that Musca domestica is not a vector of 
T. callipaeda under experimental or natural conditions. Also, local transmission of T. 
callipaeda in southern Germany was investigated by Magnis et al. in 2010. Transmission of T. 
callipaeda occurs when the intermediate host and vector P. variegata feeds on lachrymal 
secretions from an infected animal and/or human and ingests T. callipaeda first stage larvae 
(L1) produced by adult female nematodes in the conjunctival sac of the final host. First stage 
larvae penetrate the gut wall in a few hours. They remain in the abdominal haemocoel for 
about 2 days. On the third day, larvae invade the fat body of the female and the testes of the 
male, where they subsequently become encapsulate, grow and moult twice to third stage 
larvae ~ 14-21 days after infection. After migrating through the body cavity of the vector, the 
L3s of T. callipaeda emerge from the labella of infected flies, after which they feed on the 
lachrymal secretions from infected hosts and develop into the adult stage in the conjunctical 
sac and prebulbar tear film within ~ 35 days (Otranto et al. 2005c). The existence of a 
seasonal periodicity in the reproductive cycle of female nematodes, coinciding with the 
presence/absence of the vector/s, has been demonstrated by Otranto et al. (2004).  
 
     
Fig. 1. Phortica variegata, female (Left), Phortica variegata, male (Right), (Courtesy Jorge 
Almeida, Viseu , Portugal).  
Adult T. californiensis are commonly found in the tear ducts and conjunctival sacs of its hosts. 
Burnett et al. (1957) allowed laboratory-reared flies to feed on the sheathed larvae and 
discovered developmental stages in Fannia canicularis (Fig. 2). Similar larvae were found in 
wild-caught F. benjamini collected in an enzootic area in California. 
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Fig. 2. Fannia canicularis, female (Left), Fannia canicularis, male (Right) , (Courtesy Nikita E. 
Vikhrev, Moscow, Russia). 
3.1.3 Epidemiology 
T. callipaeda is prevalent in dogs, cats, and humans in the former Soviet Union and in 
countries of the Far East, including China, Korea, Myanmar, Japan, Indonesia, Thailand, 
Taiwan, and India. The parasite’s distribution explains the use of the name, oriental 
eyeworm (Anderson 2000). However, the main final reservoir hosts of T. callipaeda seem to 
be farm dogs, as they often live in areas populated by a large hematophagous fauna. In an 
investigation carried out by Seo et al. (2002) in Korea, military dogs were found to be acting 
as reservoir hosts. Experimentally implanted adult worms of T. callipaeda have adapted to 
dogs, rabbits, cats and monkeys but not to goats and sheep, perhaps due to their different 
susceptibilities (Faust 1928).  
The climate of the countries in which T. callipaeda has been reported varies from tropical (e.g. 
Indonesia) and subtropical (e.g. Japan) in the Far East, to temperate in the Russian 
Federation. In a study which was carried out in two distinct areas of Italy (the Piedmont 
region, North Western Italy and the Basilicata region, Southern Italy), dogs, cats and foxes 
were examined. T. callipaeda has been reported with high prevalence in dogs (60%), and 
foxes (49.3%) in southern Italy (Otranto et al. 2003b). The oropraphy of the Basilicata region 
is characterized by the presence of a ring of sandstone mountains surrounding a woodlands 
bordering the study municipalities. These results confirm the hypothesis that the vectors of 
T. callipaeda need a mountainous environment for their survival and biological cycle, and the 
high prevalence in dogs and foxes indicates that T. callipaeda infection is hyper-endemic in 
this area (site B). Of the dogs examined from site A, 23.07% were found to be infected with 
eyeworms (Otranto et al. 2003b). Cats are less frequently in contact with the vector (i.e. 
dipteran flies), moreover it may be assumed that reports of thelaziosis from practitioners are 
rare due to difficulties in inspecting cats’ eyes (Otranto et al. 2003b). 
Canine thelaziasis has also been reported in France and Germany (Chermette et al. 2004; 
Hermosilla et al. 2004). In southern Switzerland (Ticino), the first case of T. callipaeda in a 
dog was detected in 2000 (Malacrida et al. 2008). Thelazia infection was also diagnosed in 
5.6% of foxes shot in Ticino during the winter of 2005-2006. Affected foxes, dogs and cats 
originated from the same regions. The cats and 57.9% of the infected dogs had never crossed 
the Swiss border. In addition, five cats with thelaziasis were registered. Infected animals 
harbored 1-23 eye worms. The most common symptoms were conjuctivitis and epiphora, 
while keratitis was present only in a few animals. Young and small sized dogs were 
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significantly less involved than larger dogs over 3 years of age (Malacrida et al. 2008). There 
is little information on the role of wild carnivores as hosts of this nematode. Otranto et al. 
(2009) reported, for the first time, the infection of beech martens, wildcats, and brown hares 
by T. callipaeda. In addition, the retrieval of T. callipaeda in one of two wolves examined 
supported the previous report of nematodes in this animal species (Otranto et al. 2007). The 
finding of adult worms of T. callipaeda in the eyes of wildlife species indicates their 
competence as final hosts of this parasite, since it implies that third stage larvae, released by 
the intermediate host, developed to adults in their ocular cavity. From a parasitological 
viewpoint, these results are interesting because T. callipaeda has the broadest spectrum of 
final hosts among Thelazia species, while T. lacrymalis parasitizes only horses and T. rhodesi 
and T. gulosa mainly infect cattle (Anderson 2000).  
The eyeworm,T. californiensis is confined to the Western United States (Dozie et al. 1996; 
Skrjabin et al. 1971; Soulsby 1965). It is a parasite of dogs and can infect cats, foxes, coyotes, 
sheep, deer, horses, rabbits and black bears. Humans can become infected, but it is 
extremely rare and thought to be accidental.  
Both T. callipaeda and T. californiensis are responsible for human thelaziasis. The first report 
of human thelaziasis was from Beijing, China, where adult nematodes were removed from 
the eyes of a man (Stuckey 1917). In subsequent years, the number of human thelaziasis 
cases has increased in China (Chen and Zhang 1954), the Soviet Union (Miroshnichenko et 
al. 1988), Indonesia (Kosin et al. 1989), Thailand (Bhaibulaya et al. 1970; Yospaiboon et al. 
1989), India (Singh and Singh 1993), Taiwan (Cheung et al. 1998; YJ Yang et al. 2006), Japan 
(Koyama et al., 2000), and Korea (Min et al. 2002; Youn 2009). Human thelaziasis occurs 
mostly in rural communities with poor living and socioeconomic standards, and mainly 
affects children and the elderly. It seems that the prevalence and relevance of human 
thelaziasis have increased in China in the last 2 decades. By October 2005, a total of 371 
human cases were reported from different provinces in China ( JL Shen et al. 2006). 
Epidemiological investigations of 179 human cases in China revealed that 51% of cases were 
females and 49% of cases were males; the majority of individuals were children less than 6 
years of age (64.2%) (Jiang et al. 1991). The remainder was comprised of young people 
between 7 and 18 years of age (7.8%) and adults of >19 (19.0%) years of age; host age was 
not reported for 9.0% of the samples. The ocular infection was unilateral in 88.1% of 
patients. Furthermore, the parasites were detected in the anterior eye chamber in 4 patients 
from the provinces of Anhui, Jiangsu, and Guangxi, and in the vitreous body and on the 
retina in 1 patient from Sichuan province ( CC Chen and Zhang 1954; YJ Wang et al. 2002). 
In China, cases of human thelaziasis have been reported mainly in rural areas (ZX Wang et 
al. 2002a), particularly where domestic dogs and other animals, for example, cats and foxes, 
are heavily infected (ZX Wang et al. 2002b; ZX Wang et al. 2003). For instance, the 
prevalence of thelaziosis in dogs in Guanghua county, Hubei province, was 95%, with as 
many as 52 nematodes recovered from a single dog. In Anhui province, more than 190 
nematodes were isolated from a single dog (ZX Wang et al. 1998). Recently, human 
thelaziasis has been reported from China by W Chen (2010). Meanwhile, most clinical 
reports have been published in Chinese, Russian or Korean and have not been accessible to 
a large part of the international scientific community (JL Shen et al. 2006).  
In 2008, Otranto and Dutto reported human infection by T. callipaeda in Italy and France in 
the same area where canine thelaziasis had already been reported. From a clinical 
viewpoint, these infections indicate the importance of this parasitic disease in differential 
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diagnoses from bacterial or allergic conjunctivitis. All cases of human thelaziasis were 
reported during the summer months, which is the period of T. callipaeda vector activity 
(Otranto et al. 2006a,b). Also, concurrence of human thelaziasis and allergic conjunctivitis 
(e.g. caused by pollens) in the spring and summer seasons may impair correct etiologic 
diagnosis of this disease (Otranto and Dutto 2008).  
3.1.4 Pathogenesis and clinical signs 
Human infections with T. callipaeda have received little attention, despite the high 
prevalence recorded in some Asiatic countries (reviewed in JL Shen et al. 2006), and human 
infections by T. californiensis have only been reported occasionally in the USA (Doezie et al. 
1996). To our knowledge, with the exception of Japan, 157 cases have been reported 
worldwide (China, 124; Korea, 24; Thailand, 5; India, 2; Russia and Indonesia, 1 each). In 
Japan, approximately 100 cases have been reported, mostly (66 cases) in western regions, 
and especially in Kyushu (Koyama et al. 2000). 
One human case, reported by Howard (1927), in which larvae of T. callipaeda, in an 
advanced stage of development, was found in a papilloma of the skin of the lower right 
eyelid near the internal canthus, may possibly have a bearing on the early stage of the 
mature infective larvae of this species present in mammalian infections. The patient, from 
whom the papilloma was excised, gave a history of having played with a pet dog which had 
an irritation of both eyes, although "eye worms" were not actually observed in the dog. 
There was no evidence that the patient himself had ever been parasitized by adult Thelazia. 
The papilloma, which had been present for many years, developed a persistent itching 
several months prior to Dr. Howard's examination of the case. The patient was conscious of 
having frequently rubbed the wart during the period when the dog was being played with. 
Scratching resulted in the development of an indurated scab-like encrustation around the 
lesion. Microscopic slides of the excised papilloma, showing the worms in position in the 
tissue, were referred for diagnosis. The nematodes were directed head-inward into pockets 
produced by the infolding of the epithelium, or had migrated into the ducts of the sebaceous 
glands. In another case, the epithelial folds were strongly cornified and the tissue just 
beneath the epithelium was characterized by a marked lymphocytic infiltration. Two or 
more worms were found in each focus (Faust 1928; Faust et al. 1975).  
In an experimental infection conducted by ZX Wang and Yang (1985) the clinical signs 
induced by thelaziasis were studied and it was demonstrated that adult parasites 
transplanted into the eyes of rabbits induced an inflammatory reaction within 3– 5 hr. 
Swelling of the eyelids, congestion of the conjunctiva, and yellow secretions from affected 
eyes indicated a purulent inflammation; the extent of symptoms gradually decreased after 1 
wk of infection. The results of another study showed that heavy experimental infection 
(with 40–50 worms) led to blindness in 3 of 20 rabbits, as a consequence of leukoma (ZX 
Wang et al. 2002b; ZX Wang et al. 2006). 
The most common clinical manifestations in natural infections are mild conjunctivitis, 
follicular hypertrophy of the conjunctiva, excessive lachrimation, ocular secretions, 
itchiness, congestion, swelling, hypersensitivity to light, and keratitis, depending on the 
number of nematodes present in the eye, their location, and the host response (ZX Wang 
and Yang, 1985; KC Wang et al. 1999). In some cases, patients show redness of the eye, 
discharge, photopsia, decreased vision and ‘‘floaters’’ within the eye chamber, a partially 
blocked field of vision, or even complete vision loss (Zakir et al. 1999). Follicles, ulcers, 
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nubecula, swelling, paralysis of the eye muscles, ectropion, and papilloma, have also been 
reported in some patients (Ohira 2000). In addition, the presence of the nematodes causes 
infants to rub their eyes, and symptoms become more serious upon secondary infection with 
bacteria (Pasteurella, Chlamydia, and/or Staphylococcus). localization to the anterior chamber, 
the vitreous body, or the retina are often associated with the development of fibrous tissue, 
inducing more serious clinical manifestations, for example, black spots in the visual field, 
ocular congestion, and sometimes purulent exudation under the anterior chamber (CC Chen 
and Zhang, 1954; YJ Wang et al. 2002). Compared with the eye ball of the host, the adult 
worm is a fairly large, live foreign body. It is generally noticed at an early stage and usually 
examination of the patient reveals the adult and/or larval nematodes (Fig. 3), mostly in the 
conjunctival sac or medial or lateral canthus of the eye (JL Shen et al. 2006). 
 
 
Fig. 3. Conjunctivitis in a human patient infected by adult Thelazia callipaeda (Courtesy 
Domenico Otranto, Bari, Italy).  
In Taiwan, a 62-year-old woman presented with unilateral eye swelling and itching (YJ 
Yang et al. 2006). Subsequent examination showed T. callipaeda infection. Although this is a 
known form of ocular infection, especially in Asia, this is one of few reported cases in 
Taiwan. 
In a study from Italy, a case of ocular thelaziasis was reported in a man living in Piedmont 
(northern Italy). The patient first complained of hyperlacrimation and conjunctivitis. After a 
series of treatments with eye drops, the nematode responsible for the symptomatology was 
identified (Dutto 2008). These parasites are rather rare in Italy especially in the north of the 
country. Otranto and Dutto (2008) reported T. callipaeda infection in 4 human patients in 
Italy and France in the same area where canine thelaziasis had been reported. The 4 male 
patients (37–65 years of age) lived in northwestern Italy and southeastern France, where 
infections had been reported in dogs, cats, and foxes (Dorchies et al. 2007; Rossi and 
Bertaglia 1989). All patients showed exudative conjunctivitis, lacrimation, and foreign body 
sensation for a few days to weeks before referral.  
In 2010, Kim et al. reported a case of intraocular infestation with T. callipaeda in a patient 
who was successfully treated by a pars plana vitrectomy in South Korea. A 74-year-old 
woman came to the hospital complaining of visual disturbance and floaters in the left eye. 
She had redness but no pain. A white, thread-like, live and mobile worm was observed in 
the vitreous cavity, and identified as an adult male T. callipaeda (Fig. 4). In 2006, the left eye 
of a 50-year-old man from Seoul, Korea was injured by shattered glass from the broken lens 
of his spectacles. Clinical examination of the eye revealed a 6mm-sized peripherally located, 
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single, full thickness corneal laceration with iris incarceration and traumatic lens opacity. 
The corneal wound was repaired. Two days after the operation, a 15 mm live thread-like 
worm was found inside the vitreous cavity. Trans pars plana vitrectomy for removal of the 
worm was performed, and the worm was identified as T. callipaeda (Lee et al., 2006). There 
have been only a few case reports about intraocular infestation by T. callipaeda. In these 
reports, all of the parasites were found in the anterior chamber except in one case where the 
worm was found in the vitreous cavity (Mukherjee et al. 1978; Zakir et al. 1999).  
 
 
Fig. 4. A live Thelazia callipaeda worm in the vitreous cavity was clearly observed (Courtesy 
Hyun Woong Kim, South Korea).  
Recently, the first case of human thelaziasis was reported from Bangladesh (Hossain et al. 
2011). A 58 year old man was admitted with itching, redness, foreign body sensation, 
lacrimation and filamentary discharge from the right eye. He had conjunctival congestion 
and advanced bi-headed pterygium of the right eye. After exposure of the right eye ball 
with a universal eye speculum, a thin white nematode was found in the right lower 
conjunctival fornix. The nematode was identified as an adult T. callipaeda. In a previous 
report, small, white, thread-like, motile worms were recovered from the conjunctival sac 
of a 13-year-old girl and a 50-year-old woman from Dibrugarh district, Assam, India. 
They were identified as thelazia species (Nath et al., 2008). In another investigation, T. 
callipaeda was isolated from the conjunctival sac of a 32 year-old woman residing in the 
Himalaya Mountains (Sharma et al., 2006). Also, more intraocular infestations with T. 
callipaeda were reported from China ( W Chen et al. 2010; Leiper 1917; Lv et al., 2009; Xue 
et al. China 2007). 
T. callipaeda infects dogs, cats, foxes, rabbits (Kozlov 1962; Skrjabin et al. 1971), and wolves 
(Otranto et al. 2007). In affected wild animals, T. callipaeda adult and larval stages (Fig. 5) 
may cause mild ocular manifestations (conjunctivitis, epiphora, and ocular discharge) to 
severe disease (keratitis and corneal ulcers) (Otranto and Traversa 2005). In dogs and cats, 
however, chronic conjunctivitis will usually result, with manifestations such as 
photophobia and sometimes accompanied by blepharitis marginalis, lacrimation, corneal 
opacity, ulceration of the cornea, or even corneal perforation. The most common 
symptoms in affected dogs and foxes in Switzerland were conjunctivitis and epiphora, 
while keratitis was present only in a low number of animals. Young and small sized dogs 
were significantly less involved than large animals over 3 years of age (Dorchies et al. 
2007; Malacrida et al. 2008).  
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Fig. 5. Both adult and larval stages of eyeworms are responsible for eye disease with 
symptoms ranging from mild e.g. lacrimation, ocular discharge, epiphora (Left ) to severe 
e.g. conjunctivitis, keratitis and, corneal opacity or ulcers (Right) (Courtesy Domenico 
Otranto, Bari, Italy).  
In humans, T. californiensis worms tend to reside in the superior and inferior fornices of the 
eye (Fig. 6). The most common clinical findings in infected patients include a mild 
conjunctival inflammation, foreign body sensation, follicular hypertrophy of the conjunctiva 
and possibly excessive lacrimation. The worms may occasionally migrate across the ocular 
surface, eventually causing corneal scarring, opacity and blindness. Human infection is 
extremely rare and thought to be accidental (Knierim and Jack 1975; Krischner et al. 1990). 
 
 
Fig. 6. Adult specimens of Thelazia californiensis on the eye of a man (Courtesy Yan Peng, 
Dallas, USA).  
T. californiensis was found on the conjunctivas of six of seven deer from Zion National 
Park, Utah. Based on field observations, adults appeared to be affected clinically at a 
higher incidence during both years of the study (1992-1994) as opposed to juveniles. 
Corneal opacity was the most apparent clinical sign from 1992 to 1993. However, in the 
following year, blepharospasm and epiphora were noted often (Knierim and Jack 1975; 
Taylor et al. 1996). Also, T. californiensis was found in 15% of hunter-harvested deer in 
Utah in 1994 and in 8% in 1995. Three live animals showed clinical signs of infectious 
keratoconjunctivitis (IKC) in 1996, but pathogenic bacteria were not isolated from these 
individuals (Dubay et al. 2000).  
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3.1.5 Diagnosis 
The clinical diagnosis of thelaziosis in animals and humans may be difficult if only small 
numbers of nematodes are present, because clinical signs relate to an inflammatory response 
linked predominantly to the presence of developing third-stage larvae (L3) and/or fourth-
stage larvae (L4), similar to an allergic conjunctivitis (Otranto and Dutto 2008).  
A definitive diagnosis is made by the detection of the parasites in the conjunctival sac. 
Examination of lacrimal secretions may reveal eggs or first-stage larvae. However, 
morphological differentiation between T. callipaeda and T.californiensis is based on the 
numbers of pre- and post-cloacal papillae in the male and the position of the vulva in the 
female (Bhaibulaya et al. 1970; WY Choi et al. 1989; Miyazaki 1991; Otranto et al. 2003a). 
Also, in a study which was carried out on molecular characterization of Thelazia callipaeda 
(Otranto et al. 2005b), the results for the SSCP (single-strand conformation polymophism) 
analysis and sequencing were concordant, indicating that the mutation scanning approach 
provides a useful tool for investigating the population genetics and molecular ecology of 
T. callipaeda. 
3.1.6 Treatment, prevention and control 
Due to the localization of the nematode, thelaziasis can be treated topically by direct 
application of drugs into the eyes. Mechanical removal of the adult parasites with fine 
forceps or cotton swabs using local anesthesia, is helpful. The clinical signs, excluding 
secondary infections with other pathogens, usually resolve rapidly after the removal of the 
worms (KC Wang et al. 1999). Patients with an intraocular infestation with T. callipaeda had a 
successful recovery after a pars plana vitrectomy. Untimely or incorrect treatment of the 
infection may result in a delay in recovery, mainly in children and the elderly, who are most 
likely to be exposed to infection by the fly. Thus, prevention of human thelaziasis should 
include control of the fly vector by use of bed nets to protect children while they are 
sleeping and by keeping their faces and eyes clean. Genetic identification of haplotype 1 has 
shown that this is the only haplotype circulating in animals (dogs, cats, and foxes) in Europe 
(Otranto et al. 2005b). This finding confirms the metazoonotic potential of Thelazia spp. 
infection and the need to treat infected domestic animals, which may act as reservoirs for 
human infection (Otranto and Dutto 2008). 
The treatment for canine infection with T. callipaeda is to remove the worm. In the case of 
dogs having numerous worms, they must be eliminated under general anesthesia by 
turning up the third eyelid. Michalski (1976) found 2 ml of levamisole injected into the 
subconjunctival sac was more effective than levamisole given orally. Also, application of 
organophosphates (Rossi and Peruccio 1989) or 1% moxidectin (Lia et al. 2004) is effective. 
Meanwhile, the treatment of dog thelaziasis caused by T. callipaeda using a topical 
formulation of 10% imidacloprid and 2.5% moxidectin was studied by Bianciardi and 
Otranto in 2005. A clinical trial of ivermectin against eyeworm in German Shepherd militray 
working dogs carried out by Fudge et al. (2007). Although ivermectin does not prevent dogs 
from being infected with eyeworms, the study suggests that ivermectin administered orally 
at a dose of 0.2 mg/kg every 3 weeks significantly reduces the prevalence of Thelazia species 
eyeworms in dogs. The efficacy of the prophylactic use of a monthly treatment with 
milbemycin oxime showed 90% efficacy against T. callipaeda in naturally exposed dogs 
(Ferroglio et al. 2008). 
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The treatment of human T. californiensis conjunctival infestation is fairly straight forward. 
The symptoms usually resolve immediately after removal of the worms. Therefore, T. 
californiensis infestation should be included in the differential diagnosis of patients with 
chronic conjunctivitis following hiking or camping in the mountains or back-country. 
Irrigation with Lugol’s iodine or 2-3% boric acid is recommended immediately after worm 
removal or for parasites that are in the lacrimal ducts where they cannot be removed 
manually. Levamisole, either orally or parenterally, at 5mg/kg or 2ml injected into the 
conjunctival sac has also been recommended. A dose of 1mg/lb of Ivermectin given 
subcutaneously has been shown to cure similar infestations in Asia and Europe. There is no 
vaccine for thelaziasis (Doezie et al. 1996; Kirschener et al. 1990; Peng et al. 2001). 
4. Animal thelaziasis 
As T. callipaeda and T. californiensis infect both humans and animals, they were already 
discussed in the section of human thelaziasis. Thus, in the following section, the other 
Thelazia species, which only infect animals, will be discussed. 
4.1 Thelazia rhodesi Desmarest, 1822 
T. rhodesi occurs on the surface of the cornea, under the nictitating membrane, in the 
conjunctival sac and in the lachrymal duct of cattle, buffalo, zebu, bison, and less commonly 
horses, sheep and goats.  
The body is milky-white, with thick, prominent transverse striations. The cephalic region is 
similar in both sexes. The stoma is short and broad, widest at the middle, and has no lips. 
Around the mouth, four pairs of sub-median small, conoidal cephalic papillae and two 
lateral amphidal apertures are seen (Fig. 7, Top, Left). Nematode amphids exist in a variety 
of forms and sizes, some probably purely chemosensory, some photoreceptive, with an 
associated gland (McLaren 1974). Also, there are two lateral cervical papillae, one on each 
side, 350–384 μm from the anterior end (Fig. 7, Top, Right). These organs determine whether 
the nematode can pass through a small space (McLaren 1976). At the anterior end of both 
sexes, an excretory pore is seen (Naem 2007a).  
The females are 12.5–20.5 mm long and 300–500 μm wide. At the anterior end of the body, 
the vulva is located in the esophageal region, 505.2–536.3 μm from the cephalic region. The 
pattern of the cuticle around the vulva is different from the rest of the body (Fig. 7, Bottom). 
At the posterior end, the anal pore is seen, and the tail end is stumpy with two phasmids 
near its extremity (Naem 2007a). The eggs are 26-29 µ long at first, but later when stretched 
by developing larvae they are 207 by 4 µ (Levine 1968). The males are 7.5–14.5 mm long and 
420–475 μm wide. The tail is blunt, and without caudal alae, with dissimilar and unequal 
spicules 624-850 µ and 100-130 µ long, respectively, and no gubernaculum. There are 14 
paired pre-anal papillae, one single papilla directly anterior to the cloaca, one paired post-
anal papilla, and two nipple shaped phasmids at the posterior end (Naem 2007a).  
The females are viviparous. The first-stage larvae are passed by females into the lachrymal 
secretions where they are ingested by non-biting Diptera flies. It has been confirmed that 
Musca autumnalis and Musca larvipara are suitable intermediate hosts (Anderson 2000; 
Giangaspero et al. 2004). The first stage of Thelazia is very short-lived in the lachrymal 
secretion, only surviving a few hours, and transmission depends upon the continuous 
presence of the vectors. For this reason, thelaziasis has a seasonal occurrence according to 
the seasonality of the intermediate hosts (Dunn 1978).  
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Fig. 7. SEM of adult female’s mouth, Thelazia rhodesi (Top, Left); SEM of cuticular sensory 
papillae of T. rhodesi (Top, Right); SEM of adult female’s vulva, T. rhodesi (Bottom), (Courtesy 
Soraya Naem, Urmia, Iran), “With kind permission of Springer Science+Business Media.” 
T. rhodesi is particularly common in the Old World. Bovine thelaziasis was first reported 
in Iran by Ebadi in 1951. Other investigations indicate the presence of bovine thelaziasis in 
Japan, Ghana, Afghanistan, USA, Canada, UK, Italy, and Zambia (Arbuckle and Khalil 
1978; Barus et al. 1976; Genden and Stoffolano 1980; Ghirotti and Iliamupu 1989; Krafsur 
and Church 1985; Okoshi and Kitano 1966; O’Hara and Kennedy 1991; Munangandu et 
al., 2011; Turfrey and Chandler 1978; Vohradsky 1970). In a study conducted at an abattoir 
located in Cagayan de Oro City, Philippines, 23% of examined animals were infected with 
T. rhodesi. In nearly half of the animals, both eyes were infected. T. rhodesi infection was 
significantly more common in cattle of more than 3 years of age (25%) than in younger 
animals (15%). Ocular lesions were observed in 73 (11%) of examined cattle (Van Aken et 
al. 1996). This eyeworm was also reported in southern regions in Italy and the ecology of 
Thelazia spp. in cattle and their vectors has been documented by Giangaspero et al. (2004). 
In another survey, change in the prevalence of Thelazia species in bovine eyes was studied 
in England (Tweedle et al.,2005). 
The adult and larval stages live in eyes causing conjunctivitis, keratitis, lacrimation, ocular 
discharge, and ulcers (Ikeme 1967; Otranto and Traversa 2005).  
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A definitive diagnosis is made by the detection of the nematode in the conjunctival sac. 
Examination of the lacrimal secretions may reveal eggs or first stage larvae (Soulsby 1986). 
The morphological descriptions (Guttekova 1987; Kikuchi 1976) and molecular findings 
(Otranto et al. 2001; Otranto et al. 2003c; Otranto and Traversa 2004; Tarsitano et al. 2002) 
already discussed have demonstrated the differences among Thelazia species.  
Removal of the adult nematodes with fine forceps, using local anesthesia is helpful. The use 
of "nilverm" (tetramisole) in the control of clinical signs of T. rhodesi infection in cattle has 
been studied by Aruo in 1974. Halpin and Kirkly (1962) have reported that methyridine 
produces rapid recovery from Thelazia infection, as do tetramisole and levamisole given 
orally or parenterally. Eye salves containing 4% morantel tartrate or 1% levamisole have also 
been used with success. A case of eye infection in a heifer was reported with bilateral 
blindness, cornea opacity, excessive lachrimation and nasal discharge. Treatment with 6-10 
drops of a 10% solution of levamisole resulted in a complete recovery, with a total of 127 
adult T. rhodesi being recovered from the eyes (Salifu et al. 1990). Also, ivermectin is effective 
against T. rhodesi in the eyes of cattle (Kennedy 1994; Soll et al.1992). 
4.2 T. lacrymalis Gurlt, 1831 
T. lacrymalis occurs on the surface of the cornea and conjunctiva, under the nictitating 
membrane, in the lacrymal gland and its ducts and in the ducts of the third eyelid gland 
(Dongus et al. 2000; Giangaspero et al. 1999, 2000a; Lyons et al. 1981). It has been found 
occasionally in the aqueous humor of the eye. T. lacrymalis is a parasite of buffalo, camel, 
dog, and equine species, especially horses. It has also been reported from cattle (Levine 
1968; Moolenbeek and Surgeoner 1980).  
According to an SEM study, the body of the female was thin, whitish, attenuated at both 
ends, 12.5 mm long and up to 279 µm in width. The mouth was without lips and the buccal 
opening was round, and surrounded by four cephalic papillae and two amphids. There 
were two lateral cervical papillae, one on each side. On the ventral side of the anterior end 
of the body, the vulva was located 493 µm from the anterior end (Naem 2005). In a study 
carried out on T. lacrymalis obtained from a naturally infected horse, the vulva was situated 
593 µm from the anterior end (Beelitz et al. 1997). The anal pore was located on the ventral 
side of the posterior end of the body, and there was one button-like sub-terminal phasmid 
on each lateral side of the female’s tail (Naem 2005). These phasmids are involved in 
evaluating the intensity of a given stimulus and helping the worm to maintain itself in a 
suitable environment (McLaren, 1976). The males are 8-12 mm long, with spicules 170-190 
and 130-140 µ long, respectively (Levine, 1968). 
Thelazia spp. are generally described as being viviparous (Dunn 1978; Fiebiger 1947; Lohrer 
and Horning 1967; Tretjakowa 1960; Yamaguti 1961) or ovoviviparous (Anderson 1992). T. 
lacrymalis can be described as ovoviviparous (Craig and Davies 1937; Dongus et al. 2003; 
Ivashkin et al. 1979; Lyons et al. 1980; Skrjabin 1971). Transmission occurs by means of non-
biting dipteran flies of the genus Musca (Muscidae) which feed on animal ocular secretions, 
tears and conjunctiva. The intermediate host in the USSR is M. osiris (Barker 1970). In the fly 
body, the parasite goes through further larval development (Anderson 2000; Ivashkin et al. 
1979; Lyons et al. 1997; O’Hara and Kennedy 1991).  
T. lacrymalis has so far been documented in Europe, Asia, North Africa, and North and 
South America (Anderson 1992; Barker 1970; Beelitz et al. 1997; Eckert 1992; Ladouceur and 
Kazacos 1981; Lohrer and Horning 1967; Lyons et al. 1986). In a survey, which was 
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performed on the occurrence of internal parasites in 461 horses (1-30 years old) slaughtered 
at the Linköping abattoir in central Sweden, 3.1% of examined horses were infected with T. 
lacrmalis (Hoglund et al. 1997). The results of another study indicated that T. lacrymalis has 
greatly increased in prevalence and intensity in central Kentucky (Dougherty and Knapp 
1994; Lyons et al. 1976; Lyons et al. 1997).  
Thelaziasis in horses is primarily a summer problem, comparable to the condition in cattle 
(Dunn 1969; Soulsby 1965). In a survey, which was carried out in Normandy, France,T. 
lacrimalis was recovered from 10.3% of examined horses (Collobert et al. 1995). Another survey 
evaluated the prevalence of Thelazia spp. in slaughtered native horses in the province of Bari, 
Italy (Giangaspero et al. 1999). Sixty horses (14.7%) were found parasitized by T. lacrymalis. 
This is the first report of T. lacrymalis infection in a horse in Italy (Giangaspero et al. 1999). In 
the following year, another similar survey was done in the Abruzzo region of Italy, where 
39.06% of examined horses were found infected with T. lacrymalis (Giangaspero et al. 2000a). 
The importance of T. lacrymalis in causing follicular conjunctivitis, ulcerative keratitis and 
ophthalmia has been documented (Giangaspero et al. 1999; Skrjabin et al. 1971). 
Occasionally the anterior chamber may be invaded, causing extensive endophthamitis and 
blindness (Grant et al. 1973; Skrjabin et al. 1971; Stewart 1940). Schebitz (1960) described a 
complicated case in an Egyptian horse which progressed from conjunctivitis to severe 
ulceration and granulation of the eye. However, in many cases, eyeworms have no 
pathogenic effect on the host, especially in larger animals (Soulsby 1986). 
Diagnosis of the disease may be accomplished by irrigating the eyes with saline and 
examining centrifuged sediment for the first stage larvae. Schebitz (1960) also described 
finding larvae in the blood of infected horses and donkeys. Post mortem diagnosis may be 
accomplished by placing the lacrymal glands in warm saline, permitting larvae and adults 
to emerge (Skrjabin et al. 1971). Besides the potential implications for studies on vectors, a 
PCR-RFLP based assay on the first and/or second internal transcribed spacer (ITS1 and 
ITS2) of ribosomal DNA was developed for the detection of T. lacrymalis DNA in its putative 
vector/s (Traversa et al al. 2005). Thus, it could be used for diagnosis of equine thelaziasis at 
the species level especially considering that horses can be occasionally infected by T. 
skrjabini (Lyons et al. 1976). 
Treatment generally includes mechanical removal of worms under local anesthesia, 
irrigation of the eye with dilute solutions of topical antiseptics such as iodine or boric acid, 
and treatment of any corneal ulceration to suppress the development of opacity (Soulsby 
1965). Activity of 15 compounds, given alone or in mixtures was evaluated in 102 equids. 
None of the compounds appeared to be active against T lacrymalis (Lyons et al. 1981). 
4.3 T. gulosa Railliet and Henry, 1910 
T. gulosa is a parasite mainly of cattle, and occurs on the surface of the cornea, under the 
nictitating membrane, and in the conjunctival sac and lachrymal duct. The mouth is without 
lips, surrounded by four cephalic papillae and two amphids. There are two lateral cervical 
papillae, one on each side (Naem 2007b). Gibbons (1986) included one scanning electron 
micrograph of the anterior end of T. gulosa in her atlas. An electron microscopic study of the 
cuticle of two T.gulosa and T. rhodesi, carried out by Guttekova (1987), revealed very 
interesting architectonics of the body surface of these nematodes.  
According to an SEM study, the body of the female was thin, whitish, attenuated at both 
ends, 8.0–11.5 mm long, and of 350–460 μm wide at the maximum body width. The vulva 
was located 460– 610 μm from the cephalic region. The anal pore was located 70–120 μm 
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from the posterior end of the body. There was one button-like sub-terminal phasmid on 
each lateral side of the female’s tail (Naem 2007b). The males were 7.5–8.0 mm long and 
300–370 μm wide at the maximum body width. The tail was blunt without caudal alae and 
curved ventrally. The number of pre-anal papillae was 35–40 (Fig. 8). These papillae were 
unpaired, and one single papilla directly anterior to the cloaca was also seen. Three pairs of 
post-anal papillae were present. The spicules were unequal (608-1025 µm and 120-125 µm 
long, respectively), dissimilar and showed a groove-like structure (Naem 2007b). There was 
no gubernaculum (Levine 1968). 
 
 
Fig. 8. Coiled posterior pole of a Thelazia gulosa male, showing the 2 different spicula 
(Courtesy Soraya Naem, Urmia, Iran), “With kind permission of Springer Science+Business 
Media.” 
Like T. lacrymalis of horses, T.gulosa is now widely distributed in North America where it is 
transmitted by the face fly, Musca autumnalis, which was introduced to the continent in the 
early 1950s and has spread widely in the northern USA and the Canadian provinces 
(Chitwood and Stoffolano 1971; Chirico 1994; Greenberg 1971). Also, other Musca species act 
as intermediate hosts in the Ukraine, the Far East of CIS, the Crimea, and Europe (Branch et 
al. 1974; Krastin 1950a,b; Genden and Stoffolano 1981, 1982; Moolenbeek and Surgeoner 
1980; Skrjabin et al. 1971; Vilagiova 1967). Kennedy and MacKinnon (1994) noted that the 
distribution of T. gulosa differed from that of T. skrjabini in the orbits of cattle. The two 
lachrymal ducts associated with the Harderian gland contained 58% of the T. skrjabini 
whereas the large ventral duct of the orbital glands contained 58% of the T. gulosa. The 
eyeworms were found more often in a lachrymal duct as a single species (90%) than as a 
mixed infection of two species (10%). 
T. gulosa has been reported in the CIS, Asia, Australia, North America and Europe 
(Anderson 2000; Genden and Stoffolano 1980; Giangaspero et al. 2000 b; Gutierres et al. 
1980; Lyons and drudge 1975; Overend 1983; Patton and Marbury 1978). It occurs on rare 
occasions in England (Fitzsimmons 1966). T. gulosa found in cows in Poland and southeast 
Kazakhstan (Levine 1968). In another study, T. gulosa was reported in an imported giraffe in 
California and T. lacrymalis was identified in a native horse in Maryland (Walker and 
Becklund 1971). An eight month survey of bovine eyes from an abattoir in southern Ontario 
revealed the presence of T. gulosa and T. lacrymalis in 32% of the cattle (Moolenbeek and 
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Surgeoner 1980). In the aforementioned study (Moolenbeek and Surgeoner 1980), a total of 
2,191 adult female face flies (M. autumnalis) were examined. Sixty-five (3%) of these 
harbored larvae of Thelazia spp. The prevalence of Thelazia spp. in cattle has been reported in 
southern Italy. T. rhodesi, T. gulosa and T. skrjabini were found in 80%, 34.5% and 1.8% of 
examined animals, respectively. This was the first report of T. gulosa and T. skrjabini in 
Southern Europe (Giangaspero et al. 2000b). 
Oakley (1969) described a group of calves showing signs of lacrimation, keratitis and corneal 
opacity in which the presence of T. gulosa was demonstrated. Also, keratoconjunctivitis has 
been reviewed by Baptista (1979). Examination of histological sections of two heavily 
infected lacrimal ducts revealed evidence of chronic follicular conjunctivitis although this 
was considered not to be specific to Thelazia spp. (Moolenbeek and Surgeoner 1980). 
Diagnosis of T. gulosa is made by the detection of the nematode in the conjunctival sac. 
Examination of the lacrimal secretions may reveal eggs or first stage larvae (Soulsby 1986). 
The morphological descriptions, and molecular findings (Guttekova 1987; Kikuchi 1976; 
Naem 2007b; Otranto et al. 2001; Tarsitano et al. 2002) demonstrate the differences among T. 
gulosa, T. skrjabini, and T. rhodes.  
The anthelmintic efficacy of doramectin was assessed for the control of T. gulosa and T. 
skrjabini in two studies using 44 naturally or experimentally infected calves (Kennedy and 
Phillips 1993). No eyeworms were found in any doramectin-treated animal. Also, the 
efficacy of ivermectin (pour-on) against the eyeworms T. gulosa and T. skrjabini in naturally 
infected cattle was studied by Kennedy et al. (1994).  
4.4 T. leesei Railliet and Henry, 1910 
T. leesei, is a parasite of the dromedary and the Bactrian camel in India, Europe (France), the 
USSR (Turkemenistan), and Africa (Kenya). The females are 14-21 mm long and 400 µm 
wide, with a vulva 425-440 µm from the anterior end. The males are 12 mm long and 210 µm 
wide, with unequal spicules 340 and 105 µm long, respectively (Anderson 2000; Aypak 2007; 
Levine 1968). T. leesei is transmitted by M. lucidula in Turkmenistan, and Infected flies were 
found around the eyes of dromedaries from the end of May to the beginning of October 
(Anderson 2000). 
4.5 T. alfortensis Railliet and Henry, 1910 
T. alfortensis occurs in the conjunctival sac of cattle in Europe, but is considered to be a 
synonym of T. gulosa (Soulsby 1986). 
4.6 T. skrjabini Erschow, 1928 
T. skrjabini is normally found within the lacrimal ducts of the third eyelid in cattle, and less 
frequently is found beneath the third eyelid or lacrimal ducts leading from the orbital 
lacrimal gland opening into the conjunctiva near the fornix. The cephalic region is similar in 
both sexes. The mouth is orbicular and has no lips with its anterior edge turned over and 
has six grooves. Around the mouth, two circles of cephalic papillae are seen: the inner circle 
with six papillae and the outer circle with four sub-median cephalic papillae. At both lateral 
sides of the head, two amphids are observed. The cuticle shows fine, scarcely visible 
transverse striations and two lateral cervical papillae (Naem 2007c). 
The females are 11–19 mm long and 178–378 μm wide. The protruded vulva is located 410–
710 μm from the cephalic region. The anal pore is located at the posterior end of the body 
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and the tail has two phasmids near the tip (Naem 2007c). The males are 5–9 mm long and 
178–260 μm wide. The tail is blunt without caudal alae and curved ventrally. There are 31 to 
38 unpaired pre-anal papillae, two paired post-anal papillae, and two nipple-shaped 
phasmids at the posterior end. The pattern of the cuticle around the cloaca is different from 
the rest of the body (Naem 2007c). 
The mature females are viviparous. According to Krastin (1952) and Skrjabin et al. (1971), 
the intermediate hosts are Musca amica and M. vitripennis. O’Hara and Kennedy (1989,1991) 
orally inoculated M. autumnalis with first-stage larvae of T. skrjabini, which was recently 
introduced to North America.  
T. skrjabini is common in cattle in Alberta, Canada (Kennedy et al., 1993) and is 
occasionally reported from other mammals including horses in the United States (Lyons et 
al.m 1976), and buffalo in India (Bhopale et al. 1970; Pande et al. 1970). Also, this 
nematode occurs in cattle in, Denmark, Poland, USSR, and Australia (Anderson, 2000; De 
Chaneet 1970; Kolstrup 1974). Kennedy and Mackinnon studied site segregation of T. 
skrjabini and T. gulosa in the eyes of cattle (1994). Eyeworms occurred 90% of the time in a 
duct as a single species compared to 10% of the time as a mixed species infection. The data 
suggest that T. skrjabini and T. gulosa are more site specific than previously believed 
(Kennedy and Mackinnon 1994). 
The adult and larval stages of T. skrjabini live in eyes, causing conjunctivitis, keratitis, 
lacrimation, and ocular discharge (Ikeme 1967; Otranto and Traversa 2005; Soulsby 1986). 
Diagnosis is made by the detection of the nematode in the conjunctival sac. Examination of 
the lacrimal secretions may reveal eggs or first stage larvae (Soulsby 1986). The 
morphological descriptions (Guttekova 1987; Kikuchi 1976; Naem 2007c) and molecular 
findings (Otranto et al. 2001; Otranto et al. 2003a; Tarsitano et al. 2002) indicate the 
differences among Thelazia species.  
The efficacy of doramectin against Thelazia spp. in both naturally and experimentally infected 
calves was 100%, and no worms were found in any doramectin-treated animal (Kennedy and 
Phillips 1993; Marley et al. 1999 ). In another investigation, the efficacy of ivermectin was 
97.02% and 100% against adults of T. skrjabini and T. gulosa, respectively (Kennedy et al. 1994). 
4.7 T. ershowi Oserskaja, 1931 
T. ershowi occurs in the tear ducts and the conjunctiva of pigs in the USSR. Oserskaja (1931) 
found the parasite in 7 of 350 pigs in the Ural area. The females are 5.0-8.7 mm long and 188-
207 µm wide, with a tail 65-105 µm long and a vulva 395-489 µm from the anterior end. The 
males are 4.9-5.5 mm long and 176-188 µm wide, with a left spicule 152-155 µm long and a 
right spicule 114-115 µm long (Levine 1968). 
4.8 T. bubalis Ramanujachari and Alwar, 1952 
T. bubalis is a nematode of the conjunctival sac of the water buffalo in India. The females are 
6.5-7.8 mm long and 250 µm wide, with a vulva 900 µm from the anterior end. The males are 
6 mm long, with a left spicule 800 µm long and a right spicule 150 µm long (Levine 1968; 
Soulsby 1986). 
4.9 T. anolabiata Molin, 1860 
Twenty-two Thelazia species have been reported from wild birds (Anderson 2000). T. 
anolabiata occurs in the orbits of birds, which can cause lacrimation, keratitis, conjunctivitis, 
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and corneal ulcers. This species was reported for the first time from an Andean Cock-of-the-
rock (Rupicola peruviana) from a zoo in Lima, Peru (Elias et al. 2008). The nematodes were 
identified as T. anolabiata based on the lengths of spicules (1770 µm) and other 
morphologic characteristics such as the number of anal papillae of the males (8 pairs of 
pre-anal papillae), and the appearance of the first annulations on the anterior part of the 
body (45 mm posterior to the buccal capsule). There is some controversy about the 
number of Thelazia spp. in South American birds. Although Anderson and Diaz-Ungria 
(1959) believed that both T. anolabiata and T. digitata were valid species, Rodrigues (1992) 
lists T. digitata and T. lutzi as synonyms of T. anolabiata. However, molecular assays would 
be of great use in validating the avian species of Thelazia (Elias et al. 2008). In the Peruvian 
study, clinical signs of the infected bird (keratoconjunctivitis) were resolved with 
treatment with ivermectin and ciprofloxacin. Other studies have documented avian 
thelaziasis in Israel, Senegal and Japan (Brooks et al. 1983; Murata and Asakawa 1999; 
Wertheim and Giladi 1977).  
5. Conclusion 
Among Thelazia species causing ocular infections in animals, Thelazia callipaeda and, more 
rarely, Thelazia californiensis have also been found in human eyes. Human and animal 
thelaziasis have been documented in Europe, Asia, North America, South America and 
South Africa. The adult nematode lives in the eyes and associated tissues, including under 
the lids and in the conjunctiva and lacrimal glands and ducts. The transmission of 
eyeworms occurs when flies acting as intermediate hosts, feed on lachrymal secretions 
from an infected animal and/or human and ingest first-stage larvae of Thelazia spp. 
produced by female nematodes in the conjunctival sac of the final host. The larvae 
develop into the third-stage larvae in the fly, and emerge from the labella of an infected 
fly, when it feeds on the ocular secretions of a new host. Larvae develop into the adult 
stage in the conjunctival sac within ~ 35 days. Disease caused by Thelazia spp. is 
characterized by a range of subclinical and clinical signs, such as lacrimation, epiphora, 
conjunctivitis, keratitis, and corneal ulcers. Diagnosis is made by the detection of eggs or 
first-stage larvae in lacrimal secretions or by finding the adult worms in the conjunctival 
sac. Species identification is confirmed on the basis of microscopic examination with 
reference to keys. Thelaziasis can be treated topically by direct application of drugs into 
the eyes, and removal of the adult parasites with fine forceps, using local anesthesia. An 
integration of medical and veterinary expertise is needed to improve scientific knowledge 
to control eyeworm disease.  
6. Acknowledgements 
The author expresses her sincere gratitude to Professor Domenico Otranto, Department of 
Veterinary Public Health, Faculty of Veterinary Medicine, University of Bari, Italy for 
sharing his valuable experienes in writing this chapter. The author is particularly indebted 
to Dr. Christine M. Budke of Texas A&M University, USA, whose comments greatly 
increased the clarity of the manuscript. Many thanks are given to Dr. Hamed Seifi for the 
critical reading of the references. Lastly, the author is grateful to Dr. Ako Shabrandi for 
editing one of SEM images (Fig. 7, Bottom). 
www.intechopen.com
 Conjunctivitis – A Complex and Multifaceted Disorder 220 
7. References 
Anderson, RC. (1992). Nematode parasites of vertebrates: their development and 
transmission. CABI, ISBN 978-0851-987996, Wallingford, UK 
Anderson, RC. (2000). Nematode parasites of vertebrates: their development and 
transmission. (2nd ed.) CABI, ISBN 978-0851-994215, Wallingford, UK 
Anderson, RC. & Diaz-Ungria, C. (1959). Revision preliminar de las especies de Thelazia Bosc 
(Spiruroidea: Thelaziidae), parasitas de Aves. Mem Soc Cienc Nat La Salle , Vol.19, 
No.52, pp.37–75, ISSN 0037-8518 
Arbuckle, JB. & Khalil, LF. (1978). A survey of thelazia worms in the eyelids of British cattle. 
Vet Rec Vol.102, No.10, (Mars 1978), pp.207-210, ISSN 0042-4900 
Arizono, N.; Yoshida, Y.; Konodo, K.; Kurimoto, H.; Oda, K.; Shiota, T.; Shimata, Y. & 
Ogino, K. (1976). Thelazia callipaeda from man and dogs in Kyoto and its scanning 
electron microscopy. Japanese J Parasitol, Vol.25,. p.402–408 ISSN 0021-5171 
Aruo, SK. (1974). The use of "nilverm" (tetramisole) in the control of clinical signs of Thelazia 
rhodesii (eyeworm) infection in cattle. Bull Epizoot Dis Afr Vol.22, No.3 (Sep 1974), 
pp. 275-277, ISSN 0007-487X 
Aypak, S. (2007). Develerin Helmint Enfeksiyonları. Türkiye Parazitol Dergisi, Vol.31, No.3, 
(2007), pp. 225-228, ISSN 1300-6320 
Bächli, G.; Vilela, CR.; Escher, SA. & Saura, A. (2005). The Drosophilidae (Diptera) of 
Fennoscandia and Denmark, vol. 39. (In: Series: Fauna Entomologica 
Scandinavica), Brill, ISSN 978-9004-140745, Leiden, Netherlands 
Baptista, PJ. (1979). Infectious bovine keratoconjunctivitis: a review. Br Vet J, Vol.135, No.3, 
(May-June1379), pp.225-242, ISSN 0007-1935 
Barker, IK. (1970). Case report. Thelazia lacrymalis from the eyes of an Ontario horse. Can Vet 
J, Vol.11, No.9, (Sept 1970), pp.186–189, ISSN 0008-5286 
Barus, V.; Amin, A.; Blazek, K. & Moravec, F. (1976). Nematodes parasitizing domestic 
ruminants in Afghanistan. Folia Parasitol (Praha), Vol.23, No.3, (1976) pp. 207–216, 
ISSN 0015-5683  
Beelitz, P.; Dongus, H.; Schöl, H.; Gerhards, H. & Gothe, R. (1997). Thelazia lacrymalis 
(Nematoda, Spirurida, Thelaziidae): report in a horse in Germany and contribution 
to the morphology of adult worms. Parasitol Res, Vol. 83, No.6, (May1997) pp627-
631, ISSN 0932-0113 
Bhaibulaya, M.; Prasertsilpa, S. & Vajrasthira, S. (1970). Thelazia callipaeda Railliet and Henry 
1910, in man and dog in Thailand. Am J Trop Med Hyg, Vol.19, No.3, (May1970) 
476–479, ISSN 0002-9637 
Bhopale, KK.; Joshi, SC.; Jain, PC.; & Kamalapur, SK. (1970). Thelazia skrjabini Erschow, 1928 
from an Indian buffalo (Bubalus bubalis). Indian Vet J, Vol.47, No.7, (July 1970), 
pp.564-566, ISSN 0019 - 6479  
Bianciardi, P. & Otranto, D. (2005). Treatment of dog thelaziosis caused by Thelazia callipaeda 
(Spirurida, Thelaziidae) using a topical formulation of imidacloprid 10% and 
moxidectin 2.5%. Vet Parasitol, Vol.129, No.1-, (April 2005), pp.89–93, ISSN 0304-
4017 
Branch, J.; Stoffolano, G. & Stoffolano, JR. (1974). Invertebrate vector and host of mammalian 
eye worms in Massachusetts. J Econ Entomol, Vol.67, No.2, (Apr 1974), pp.304-305 
ISSN 0022-0493.  
www.intechopen.com
 Thelazia Species and Conjunctivitis 221 
Brooks, DE.; Greiner, EC. & Walsh, MT. (1983). Conjunctivitis caused by Thelazia sp in a 
Senegal parrot. J Am Vet Med Assoc, Vol.183, No.11, (December 1983), pp.1305-
1306, ISSN 0003-1488 
Burnett, HS.; Parmelee, WE.; Lee, RD. & Wagner, ED. (1957). Observation on the life cycle of 
Thelazia californiensis Price, 1930. J Parasitol, Vol.43, No.4, (Aug 1957), p.433 ISSN 
0020-7519 
Chen, CC. & Zhang, YM. (1954). A case report of human thelaziosis in the eye anterior 
chamber. Chinese J Ophthalmol, Vol.4, p.466 
Chen, W.; Zheng, J.; Hou P.; Li, L. & Hu, Y. (2010). A case of intraocular thelaziasis with 
rhegmatogenous retinal detachment. Clin Exp Optom, Vol.93, No.5, (Sep 2010), 
pp.360-362, ISSN 0816-4622 
Chermette, R.; Guillot, J. & Bussie’ras, J. (2004). Canine ocular thelaziosis in Europe. Vet Rec, 
Vol.154, No.8, (Feb 2004), p.248, ISSN 0042-4900 
Cheung, WK.; Lu, HJ.; Liang, CH.; Peng, ML. & Lee, HH. (1998). Conjunctivitis caused by 
Thelazia callipaeda infestation in a woman. J Formos Med Assoc, Vol.97, No.6, (Jun 
1998), pp.425-427, ISSN 0929-6646 
Chirico, J. (1994). Prehibernating Musca autumnalis (Diptera: Muscidae); an overwintering 
host for parasitic nematodes. Vet Parasitol, Vol.52, No.3-4,(Apr 1994), pp.279-284, 
ISSN 0304-4017 
Chitwood, MB.; & Stoffolano, JG. (1971). First report of Thelazia sp. (Nematoda) in the face 
fly, Musca autumnalis, in North America. J Parasitol, Vol.57, No.6, (Dec 1971), 
pp.1363-1364, ISSN 0022-3395  
Choi, DK. & Choi, SY. (1979). A case of human thelaziasis concomitantly found with a 
reservoir host. Korean J Ophthalmol, Vol.19, No.1, pp.125-129, ISSN 1011-8942  
Choi, WY.; Youn, JH.; Nam, HW.; Kim, WS.; Kim, WK.; Park, SY. & Oh, YW. (1989). 
Scanning electron microscopic observations of Thelazia callipaeda from human. 
Korean J Parasitol, Vol.27, No.3, (Sep 1989), pp.217-223, ISSN 0023-4001 
Collobert, C.; Bernard, N. & Lamidey, C. (1995). Prevalence of Onchocerca species and 
Thelazia lacrymalis in horses examined post mortem in Normandy. Vet Rec Vol.136, 
No.18, (May 1995), pp.463–465, ISSN 0042-4900 
Craig, JF. & Davies, GO. (1937). Thelazia lacrymalis in a horse. Vet Rec, Vol.49, p.1117, ISSN 
0042-4900 
De Chaneet, G. (1970). Thelazia in a cow in western Australia. Aust Vet J, Vol.46, No5, (Mar 
2008), p.240, ISSN1751-0813 / P: 0005-0423 
Doezie, AM.; Lucius, RW.; Aldeen, W.; Hale, DV.; Smith, DR. & Mamalis, N. (1996). Thelazia 
californiensis conjunctival infection. Ophthalmic Surg Laser, Vol.27, No.8, (Aug 
1996), pp.716–719, ISSN 1082-3069 
Dongus, H.; Beelitz, P. & Schol, H. (2003). Embryogenesis and the first-stage larva of 
Thelazia lacrymalis. J Helminthol Vol.77, No.3, (Sep 2003), pp. 227–233, ISSN 0022-
149X.  
Dongus, H.; Beelitz, P.; Wollanke, B.; Gerhards, H. & Gothe, R. (2000). Occurrence of Thelazia 
lacrymalis (Nematoda, Spirurida, Thelaziidae) in horses in Germany. Tieraerztliche 
Umschau, Vol.55, pp.599–602, ISSN 0049-3864 
Dorchies, P.; Chaudieu, G.; Siméon, LA.; Cazalot, G.; Cantacessi, C. & Otranto, D. (2007). 
First reports of autochthonous eyeworm infection by Thelazia callipaeda (Spirurida, 
www.intechopen.com
 Conjunctivitis – A Complex and Multifaceted Disorder 222 
Thelaziidae) in dogs and cat from France. Vet Parasitol, Vol.149, No.3-4, (Nov 
2007), pp.294-297. ISSN 0304-4017 
Dougherty, CT. & Knapp, FW. (1994). Oviposition and development of face flies in dung 
from cattle on herbage and supplemented herbage diets. Vet Parasitol, Vol.55, 
No.1-2, (Oct 1994), pp.115-127, ISSN 0304-4017 b 
Dubay, SA.; Williams, ES.; Mills, K. & Boerger-Fields, A. (2000). Association of Moraxella ovis 
with keratoconjunctivitis in mule deer and moose in Wyoming. J Wildl Dis, Vol.36, 
No.2, (Apr 2000),pp 241–247, ISSN 0090-3558 
Dunn, AM. (1978). Veterinary helminthology, (2nd ed.), William Heinemann Medical Books, 
ISBN 0-433-07951-7 London, UK 
Dutto, M. (2008). Ocular thelaziasis in man in Northern Italy. Bull Soc Pathol Exot, Vol.101, 
No.1, (Feb 2008), pp.9-10, ISSN 0037-9085 
Ebadi, A. (1951). A survey on Thelazia spp. in cattle in Tehran, Iran. DVM thesis No. 428, 
College of Veterinary Medicine, Tehran University, Tehran, Iran  
Eckert, J. (1992). Parasiten der Einhufer. Helminthen, in: Veterinarmedizinische 
Parasitologie, Eckert J, Kutzer E., Rommel, M., Burger, H.-J. & Korting, W. (eds.), 
pp. 375–431, Parey Verlag, ISBN 3-489-52916-2, Berlin, Germany 
Elias, R.; Mamani, J.; Hermoza, C. & Kinsella, J. (2008). First report of thelaziosis (Thelazia 
anolabiata) in an Andean Cock of the Rock (Rupicola peruviana) from Peru. Vet 
Parasitol Vol.158, No.4, (Dec 2008), pp.382–383, ISSN 0304-4017 
Faust, EC. (1928). Studies on Thelazia callipaeda Railliet and Henry, 1910. J Parasitol, Vol.15, 
No.2, (Dec 1928), pp.75-86, ISSN 0022-3395  
Faust, EC.; Beaver PC.; Jung, RC. (1975). Animal Agents and Vectors of Human Disease, (4th 
ed.), Lea and Febiger, IBSN 0-8121-0503-6, Philadelphia, USA 
Ferroglio, E.; Rossi, L.; Tomio, E.; Schenker, R. & Bianciardi, P. (2008). Therapeutic and 
prophylactic efficacy of milbemycin oxime (intereceptor) against Thelazia callipaeda 
in naturally exposed dogs. Vet Parasitol, Vol.154, No.3-4, (Jul 2008), pp.351-353, 
ISSN 0304-4017 
Fiebiger, J. (1947). Die tierischen Parasiten der Haus- und Nutztiere, sowie des Menschen, 
(4th ed.), Urban & Schwarzenberg, Wien, Austria  
Fitzsimmons, WM. (1966). Ophthalmia due to Thelazia infection in British cattle. Vet Rec , 
Vol.78, No.7, (Feb 1966), pp.257-258 ISSN 0042-4900 
Geden, CJ. & Stoffolano, JG. (1980). Bovine thelaziasis in Massachusetts. Cornell Vet, Vol.70, 
No.4, (Oct 1980), pp.344-359, ISSN 0010-8901 
Geden, CJ. & Stoffolano, JG. (1981). Geographic range and temporal patterns of 
parasitization of Musca autumnalis De Geer by Thelazia spp. in Massachussets with 
observation on Musca domestica as an inusuitable host. J Med Entomol Vol.18, No.6, 
(Nov 1981), pp.449–456, ISSN 0022-2585 
Geden, CJ.; & Stoffolano, JG (1982). Development of the bovine eyeworm, Thelazia gulosa 
(Railliet and Henry) in experimentally infected female Musca autumnalis de Geer. J 
Parasitol Vol.68, No.2, (Apr 1982) pp.287–292, ISSN 0022-3395  
Ghirotti, M. & Iliamupu DS. (1989). Thelazia rhodesii (Desmarest, 1828) in cattle of Central 
Province, Zambia. Parassitologia, Vol.31, No.2-3, (Aug-Dec 1989), pp.231-237, ISSN 
0048-2951 
www.intechopen.com
 Thelazia Species and Conjunctivitis 223 
Giangaspero, A.; Lia R.; Vovlas, N. & Otranto, D. (1999). Occurrence of Thelazia lacrymalis 
(Nematoda, Spirurida,Thelaziidae) in native horses in Italy. Parassitologia, Vol.41, 
No.4, (Dec 1999), pp.545–548 ISSN 0048-2951 
Giangaspero, A.; Otranto, D.; Vovlas, N. & Puccini, V. (2000b). Thelazia gulosa Railliet & 
Henry, 1910 and T. skrjabini Erschow, 1928 infection in southern Europe (Italy). 
Parasite. Vol.7, No.4, (Dec 2000), pp.327–329, ISSN 1252-607X 
Giangaspero, A.; Tieri, E.; Otranto, D. & Battistini, ML. (2000a). Occurrence of Thelazia 
lacrymalis (Nematoda, Spirurida, Thelaziidae) in native horses in Abruzzo region 
(central eastern Italy). Parasite, Vol.7, No.1, (Mar 2000), pp.51–53, ISSN 1252-607X 
Giangaspero, A.; Traversa, D. & Otranto, D. (2004). Ecology of Thelazia spp. in cattle and 
their vectors in Italy. Parassitologia, Vol.46, No.1-2, (Jun 2004), pp.257-259, ISSN 
0048-2951  
Gibbons LM (1986) SEM guide to the morphology of nematode parasites of vertebrates. 
CABI, ISBN 9780-8519-85695 Wallingford, UK 
Grant, B.; Slatter, DH. & Dunlap, JS. (1973). Thelazia sp. (Nematoda) and dermoid cysts in a 
horse with torticollis. Vet Med Small Anim Clin, Vl.68, No.1, (Jan 1973), pp.62-4, 
ISSN 0042-4898  
Greenberg, B. (1971). Flies and disease. Volume I. Ecology, classification and biotic 
associations. Princeton University Press, ISBN 978-0691080710 Princeton , USA  
Gutierres, VC.; Onama, RK. & Todd AC (1980). Prevalence of the eyeworms Thelazia gulosa 
(Railliet and Henry, 1910) and T. skrjabini (Erschow, 1928) in Wisconsin dairy cattle. 
J Parasitol, Vol.66, No.2, (Apr 1980), p.304, ISSN 0022-3395  
Gutteková, A. (1987). Ultrastructure of the surface sculpture of the nematodes Thelazia gulosa 
and Thelazia rhodesi. Vet Med (Praha) Vol.32, No.2, (Feb 1987), pp.113-120, ISSN 
0375-8427 
Halpin, RB. & kirkly, WW. (1962). Experience with an anthelmintic. Vet Rec, Vol.74, p.495, 
ISSN 0042-4900 
Hermosilla, C.; Herrmann, B. & Bauer, C. (2004). First case of Thelazia callipaeda infection in 
a dog in Germany. Vet Rec 154, No.18, (May 2004), pp.568–569, ISSN 0042-4900 
Höglund, J.; Ljungström, BL.; Nilsson, O.; Lundquist, H.; Osterman, E. & Uggla, A. (1997). 
Occurrence of Gasterophilus intestinalis and some parasitic nematodes of horses in 
Sweden. Acta Vet Scand, Vol.38, No.2, pp.157-165, ISSN 0065-1699 
Hong, ST.; Lee, SH. & Han, H. (1985). A human case of Thelaziasis in Korea. Korean J 
Parasitol Vol.23, No.2, (Dec 1985), pp.137-139 ISSN 0023-4001 
Hong, ST.; Lee, SH. & Kim, SI. (1988). A human case of Thelazia callipaeda infection with 
reference to its internal structures. Korean J Parasitol, Vol.26, pp.137-139, ISSN 
0023-4001 
Hong, ST.; Park, YK.; Lee, SK.; Yoo, JH.; Kim, AS.; Chung, YH. & Hong, SJ. (1995). Two 
human cases of Thelazia callipaeda infection in Korea. Korean J Parasitol, Vol.33, No.2, 
(Jun 1995), pp.139-144 ISSN 0023-4001 
Hossain, MI.; Hossain, MA.; Nahar, L.; Hossain, MM.; Mondal, AS.; Alim, MA.; Mahmud, 
MC. & Islam, A. (2011). Human thelaziasis in Bangladesh. Mymensingh Med J, 
Vol.20, No.1, (Jan 2010), pp.128-130, ISSN 1022-4742 
Howard, HJ. (1927). Thelaziasis of the eye and its adnexa in man. Am J Ophthalmol, Vol.10, 
pp.807-809, ISSN 0002-9394 
www.intechopen.com
 Conjunctivitis – A Complex and Multifaceted Disorder 224 
Jiang, ZX.; Xu, LQ. & Yu, LQ. (1991). Human thelaziasis in China. Chinese J Parasitic Dis 
Control, Vol.4, pp. 48–51 
Kagei, N.; Uga, S. & Kugi, G. (1983). On the caudal papillae of the male of Thelazia callipaeda 
Railliet and Henry, 1910. Jpn J Parasitol Vol.32, No.5, pp.481-484, ISSN 0021-5171 
Kennedy, MJ. (1994). The effect of treating beef cattle on pasture with ivermectin on the 
prevalence and intensity of Thelazia spp. (Nematoda: Thelazioidea) in the vector, 
Musca autumnalis (Diptera: Muscidae). J Parasitol Vol.80, No.2, (Apr 1994), pp.321-
326, ISSN 0022-3395 
Kennedy, MJ.; Holste, JE.; & Jacobsen, JA. (1994). The efficacy of ivermectin (pour-on) 
against the eyeworms, Thelazia gulosa and Thelazia skrjabini in naturally infected 
cattle. Vet Parasitol, Vol.55, No.3, (Nov 1994), pp.263-266 ISSN 0304-4017 
Kennedy, MJ. & MacKinnon, JD. (1994). Site segregation of Thelazia skrjabini and Thelazia 
gulosa (Nematoda: Thelazioidea) in the eyes of cattle. J Parasitol, Vol.80, No.4, (Aug 
1994), pp.501-504, ISSN 0022-3395 
Kennedy, MJ.; Moraiko, DT. & Treichel, B. (1993). First report of immature Thelazia skrjabini 
(Nematoda: Thelazioidea) from the eye of a white-tailed deer, Odocoileus 
virginianus. J Wildl Dis Vol.29, No.1, (Jan 1993), pp.159-160, ISSN 0090-3558 
Kennedy, MJ. & Phillips, FE. (1993). Efficacy of doramectin against eyeworms (Thelazia 
spp.) in naturally and experimentally infected cattle. Vet Parasitol, 49, No.1, (Jul 
1993), pp.61-66, ISSN 0304-4017 
Kikuchi, S. (1976). Scanning electron microscopy of nematodes of mammals and birds. 
Thelazia and Gnathostoma. J Vet Med 655:73–79 
Kim, HW.; Kim, JL. & Kho, WG. (2010). Intraocular Infestation with Thelazia callipaeda. Jpn J 
Ophthalmol Vol.54, No.4, (Jul 2010), pp.370-372 ISSN 0021-5155 
Kirschner, BI.; Dunn, JP. & Ostler, HB. (1990). Conjunctivitis caused by Thelazia 
californiensis. Am J Ophthalmol, Vol.110, No.5, (Nov 1990), pp.573-574, ISSN 
0002-9394 
Knierim, R. & Jack, MK. (1975). Conjunctivitis due to Thelazia californiensis. Arch 
Ophthalmol, Vol.93, No.7, (Jul 1975), pp.522-523, ISSN 0003-9950 
Kolstrup, N. (1974). Thelazia skrjabini in Danish cattle. Nord Vet Med, Vol.26, No.7-8, (Jul-Aug 
1974), pp.459-462, ISSN 0029-1579 
Kosin, E.; Kosman, ML.; Depary, AA. (1989). First case of human Thelaziasis in Indonesia. 
Southeast Asian J Trop Med Public Health, Vol.20, No.2, (Jun 1989), pp.233-236, ISSN 
0125-1562 
Koyama, Y.; Ohira, A.; Kono, T.; Yoneyama, Y. & Shiwaku, K. (2000). Five cases of 
thelaziasis. Br J Ophthalmol Vol.84, No.4, (Apr 2000), p.441, ISSN 0007-1161 
Kozlov, DP. (1963). The life cycle of nematode Thelazia callipaeda parasitic in the eye of the 
man and carnivores. Doklady Akademy Nauk SSSR, Vol.142, pp.732–733, ISSN 
0869-5652  
Krafsur, ES. & Church, CJ. (1985). Bovine thelaziasis in Iowa. J Parasitol. Vol.71, No.3, (Jun 
1985), pp.279-286 ISSN 0022-3395 
Krastin, NI. (1950b). Determination of the cycle of development of Thelazia gulosa, parasite 
of the eye of cattle. Dokl Akad Nauk SSSR, Vol.70, No.3, pp.549-551, ISSN 0002-
3264 
www.intechopen.com
 Thelazia Species and Conjunctivitis 225 
Krastin, NI. (1950a) The biology of two nematode of the genus Thelazia Bose 1819, parasites 
of the eye of cattle. Dokl Akad Nauk SSSR, Vol.75, No.4, pp.591-594, ISSN 0002-
3264 
Krastin, NI. (1952). The life cycle of the nematode Thelazia skrjabini Ershov, 1928 ocular 
parasite in cattle. Dokl Akad nauk SSSR, Vol.82, pp.829–831, ISSN 0002-3264 
Ikeme, MM. (1967). Kerato-conjunctivitis in cattle in the plateau area of Northern Nigeria. A 
study of Thelazia rhodesi as a possible aetiological agent. Bull Epizoot Dis Afr , 
Vol.15, No.4, (Dec 1967), pp.363-367, ISSN 0007-487X  
Ivashkin, VM.; Khromova, LA. & Baranova, NM. (1979). The development cycle of Thelazia 
lacrymalis. Veterinariya, Vol.7, No.7, (Jul 1979), pp.46–47, ISSN 0042-4846 
Ladouceur, CA. & Kazacos, KR. (1981). Eye worms in cattle in Indiana. J Am Vet Med Assoc, 
Vol.178, No.4, (Feb 1981), pp.385-387, ISSN 0003-1488 
Lee, J.; Chung, SH.; Lee, SC. & Koh, HJ. (2006). A technique for removal of a live 
nematode from the vitreous. Eye (Lond), Vol.20, No.12, (Dec 2006), pp.1444-1446, 
ISSN 0950-222X 
Leiper, RT. (1917). Thelaziasis in man: A summary of recent reports on “circumocluar 
filariasis” in Chinese literature, with a note on the zoological position of the 
parasite. Br J Ophthalmol, Vol.1, No9, (Sep 1917), pp.546-549, ISSN 0007-1161  
Levine, ND. (1968). Nematode parasites of domestic animals and man. (2nd ed.), Burgess, 
ISBN 9780-0109-84842, Minneapolis, USA  
Lia RP.; Traversa, D.; Agostini, A. & Otranto, D. (2004). Field efficacy of moxidectin 1 per 
cent against Thelazia callipaeda in naturally infected dogs. Vet Rec. Vol.154, No.5, 
(Jan 2004), pp.143-145, ISSN 0042-4900 
Löhrer, J. & Hörning, B. (1967). Thelazia lacrimalis of the horse. Schweiz Arch Tierheilkd, 
Vol.109, No.12, (Dec 1967), pp.644-53, ISSN 0036-7281 
Lyons, ET. & Drudge, JH. (1975). Two eyeworms, Thelazia gulosa and Thelazia skrjabini, in 
cattle in Kentucky. J Parasitol, Vol.61, No.6, (Dec 1975), pp.1119-1122, ISSN 0022-
395 
Lyons, ET.; Drudge, JH. & Tolliver, SC. (1976). Thelazia lacrymalis in horses in Kentucky and 
observations on the face fly (Musca autumnalis) as a probable intermediate host. J 
Parasitol, Vol.62, No.6, (Dec 1976), pp.877–880 ISSN 0022-395 
Lyons, ET.; Drudge, JH. & Tolliver, SC. (1980). Experimental infections of Thelazia lacrymalis: 
maturation of third-stage larvae from face flies (Musca autumnalis) in eyes of 
ponies. J Parasitol . Vol.66, No.1, (Feb 1980), pp.181–182, ISSN 0022-395 
Lyons, ET.; Drudge, JH. & Tolliver, SC. (1981). Apparent inactivity of several antiparasitic 
compounds against the eyeworm Thelazia lacrymalis in equids. Am J Vet Res, 
Vol.42, No.6, (Jun 1981), pp.1046-1047, ISSN 0002-9645 
Lyons, ET.; Tolliver, SC.; Collins, SS.; Drudge, JH. & Granstrom, DE. (1997). Transmission of 
some species of internal parasites born in 1993, 1994, and 1995 on the same pasture 
on a farm in central Kentucky. Vet Parasitol, Vol.70, No.4, (Jul 1997), pp.225-240, 
ISSN 0304-4017  
Lyons, ET.; Tolliver, SC.; Drudge, JH.; Swerczek, TW. & Crowe, MW. (1986). Eyeworms 
(Thelazia lacrymalis) in one- to four-year-old Thoroughbreds at necropsy in 
Kentucky (1984 to 1985). Am J Vet Res Vol.47, No.2, (Feb 1986, pp.315-316, ISSN 
0002-9645 
www.intechopen.com
 Conjunctivitis – A Complex and Multifaceted Disorder 226 
Lv, ZY.; Cao, AL. & Wu, ZD. (2009). Ocular infection of Thelazia callipaeda in an infant. 
Chinese J Parasitol Parasitic Dis, Vol.27, No.1, (Feb 2009), p.86, ISSN 0022-1767  
Ma’ca, J. (1977). Revision of Palearctic species of Amiota subg. Phortica (Diptera, 
Drosophilidae). Acta Entomol Bohemoslovaca Vol.74 No2, pp.114–130, ISSN 
0001-5601 
Magnis, J.; Naucke, TJ.; Mathis, A.; Deplazes, P. & Schnyder, M. (2010). Local transmission 
of the eye worm Thelazia callipaeda in southern Germany. Parasitol Res, Vol.106, 
No.3,(Feb 2010), pp.715–717 ISSN 0932-0113 
Malacrida, F.; Hegglin, D.; Bacciarini, L.; Otranto, D.; Nageli, F.; Nageli C.; Bernasconi, 
C.; Scheu, U.; Balli, A.; Marenco, M.; Togni, L.; Deplazes, P. & Schnyder, M. 
(2008). Emergence of canine ocular thelaziosis caused by Thelazia callipaeda in 
southern Switzerland. Vet Parasitol, Vol.157, No.3-4, (Nov 2008), pp.321–327, 
ISSN 0304-4017 
Marley, SE.; Illyes, EF.; Keller, DS.; Meinert, TR.; Logan, NB.; Hendrickx, MO. & Conder, 
GA. (1999). Efficacy of topically administered doramectin against eyeworms, 
lungworms, and gastrointestinal nematodes of cattle. Am J Vet Res, Vol.60, No.6, 
(Jun 1999), pp.665-668, ISSN 0002-9645 
McLaren, DJ. (1974). The anterior glands of Necator americanus (Nematoda: Strongyloides). I. 
Ultrastructural studies. Int J Parasitol, Vol.4, No.1, (Feb 1974) pp.25–34, ISSN: 0020-
7519 
McLaren, DJ. (1976). Nematode sense organs. Adv Parasitol. Vol.14, pp.105–265, ISSN 0065-
308X 
Michalski, I. (1976). The efficacy of levamisole and tetramisole in the treatment of thelaziasis 
in cattle. Med Weter, Vol.32, pp.417-419, ISSN 0025-8628 
Min, HK. & Chun, KS. (1988). A case of human thelaziasis in both eyes. Korean J Parasitol, 
Vol.26, No.2, (Jun 1988), pp.133-135, ISSN 0023-4001  
Min, S.; Jae RY, Hyun YP (2002) Enzooticity of the dogs, the reservoir host of Thelazia 
callipaeda, in Korea. Korean J Parasitol, Vol.40, No.2, (Jun 2002), pp.101–103, ISSN 
0023-4001  
Miroshnichenko, VA.; Desiaterik, MP.; Novik, AP.; Gorbach, AP. & Papernova, Niu. (1988). 
A case of ocular thelaziasis in a 3-year-old child Vestn Oftalmol, Vol.104, No.2, (Mar 
1988), p.64, ISSN 0042-465X 
Miyazaki, I. (1991). An illustrated book of helminthic zoonoses. International Medical 
Foundation of Japan, LC RC119. M58 1991, Tokyo, Japan 
Moolenbeek, WJ. & Surgeoner, GA. (1980). Southern Ontario Survey of Eyeworms, 
Thelazia gulosa and Thelazia lacrymalis in Cattle and Larvae of Thelazia spp. in the 
Face Fly, Musca autumnalis. Can vet J, Vol.21, No.2, (Feb 1980), pp.50-52, ISSN 
0008-5286 
Mukherjee, PK.; Verma, S. & Agrawal, S. (1978). Intra ocular thelazia (a case report). Indian J 
Ophthalmol, Vol.25, No.4, (Jan 1978), pp.41-42 ISSN 0301-4738 
Munang’andu, HM.; Chembensofu, M.; Siamudaala, VM.; Munyeme, M. & Matandiko, W. 
(2011). Thelazia rhodesii in the African Buffalo, Syncerus caffer, in Zambia. Korean J 
Parasitol Vol.49, No.1, (Mar2011), pp. 91-94, ISSN 0023-4001  
www.intechopen.com
 Thelazia Species and Conjunctivitis 227 
Murata, K. & Asakawai, M. (1999). First Report of Thelazia sp. from a Captive Oriental White 
Stork (Ciconia boyciana) in Japan. Vet Med Sci , Vol.61, No.1, (Jan 1999), pp.93–95 
ISSN 0916-7250 
Nadler, S.; Hoberg, EP.; Hudspeth, DS. & Rickard, LG. ( 2000). Relationships of Nematodirus 
species and Nematodirus battus isolates (Nematoda: Trichostrongyloidea) based on 
nuclear ribosomal DNA sequences. J Parasitol, Vol.86, No.3, (Jun 2000), pp.588–601, 
ISSN 0022-395 
Naem, S. (2005). Ultrastructural observations on the surface of Thelazia lacrymalis 
(Nematoda: Spirurida, Thelaziidae). Acta Vet Hung, Vol.53, No.2, (Apr 2005), 
pp.205-212, ISSN 0236-6290 
Naem, S. (2007a). Thelazia rhodesi (Spirurida, Thelaziidae), bovine eyeworm: morphological 
study by scanning electron microscopy. Parasitol Res. Vol.100, No.4, (Mar 2007), 
pp.855-860 ISSN 0932-0113 
Naem, S. (2007c). Fine structure of body surface of Thelazia skrjabini (Nematoda: Spirurida, 
Thelaziidae). Parasitol Res. Vol.100, No2, (Jan 2007), pp.305-310 ISSN 0932-0113 
Naem, S. (2007b). Morphological differentiation among three Thelazia species(Nematoda: 
Thelaziidae) by scanning electron microscopy. Parasitol Res. Vol.101, No.1, (Jun 
2007), pp.145–151 ISSN 0932-0113 
Nagada, Y. (1964). A study on the oriental eyeworm Thelazia callipaeda. Jpn J Parasitol, 
Vol.13, No7, pp.600–602 ISSN 0022-3395 
Nath, R.; Narain, K.; Saikia, L.; Pujari BS.; Thakuria, B. & Mahanta, J. (2008). Ocular 
thelaziasis in Assam: a report of two cases. Indian J Pathol Microbiol, Vol.51, No.1, 
(Jan-Mar 2008), pp.146-8 ISSN 0377-4929 
Oakley, GA. (1969). Thelazia infestation of cattle in Cambridgeshire. Br Vet J, Vol 125, No.12 
Suppl(Dec 1969), p. xxxix+ ISSN 0007-1935 
O'Hara, JE. & Kennedy, MJ. (1989). Prevalence and intensity of Thelazia spp. (Nematoda: 
Thelazioidea) in a Musca autumnalis (Diptera: Muscidae) population from Central 
Alberta. J Parasitol, Vol.75, No.5, (Oct 1989), pp.803-806 ISSN 0022-3395 
O’Hara, JE. & Kennedy, MJ. (1991). Development of the nematode eyeworm, Thelazia 
skrjabini (Nematoda: Thelazioidea), in experimentally infected face flies, Musca 
autumnalis (Diptera: Muscidae). J Parasitol, Vol.77, No.3, (Jun 1991) pp.417–425, 
ISSN 0022-3395 
Ohira, A. (2000). Five cases of thelaziasis. Br J Ophthalmol, Vol.84, No.4, (Apr 2000) p.441, 
ISSN 0007-1161 
Okoshi, S. & Kitano, N. (1966). Studies on thelaziasis of cattle I. Thelazia skrjabini Erschow, 
1928 found in Japan. Jpn J Vet Sci , 28, No.1, (Feb 1966), pp.11–15, ISSN 0021-5295  
Otranto, D.; Brianti E, Cantacessi C, Lia RP, Máca J (2006b) The zoophilic fruitfly Phortica 
variegata: morphology, ecology and biological niche. Med Vet Entomol. Vol.20, 
No4, (Dec 2006), pp.358-364, ISSN 0269-283X 
Otranto, D.; Cantacessi C, Mallia E, Lia RP (2007) First report of Thelazia callipaeda (Spirurida, 
Thelaziidae) in wolves in Italy. J Wildl Dis, Vol.43, No.3, (Jul 2007), pp.508-511, 
ISSN 0090-3558 
Otranto, D.; Cantacessi, C.; Testini, G. & Lia, RP. (2006a). Phortica variegata as an 
intermediate host of Thelazia callipaeda under natural conditions: evidence for 
www.intechopen.com
 Conjunctivitis – A Complex and Multifaceted Disorder 228 
pathogen transmission by a male arthropod vector. Int J Parasitol , Vol.36, No.10-
11, (Sep 2006), pp.1167-1173, ISSN 0020-7519 
Otranto, D.; Dantas-Torres, F.; Mallia, E.; DiGeronimo, PM.; Brianti, E.; Testini, G.; 
Traversa, D. & Lia, RP. (2009). Thelazia callipaeda (Spirurida, Thelaziidae) in wild 
animals: report of new host species and ecological implications. Vet Parasitol, 
Vol.166, No.3-4, (Dec 2009), pp.262-267 ISSN 0304-4017 
Otranto, D. &, Dutto, M. (2008). Human thelaziasis, Europe. Emerg Infect Dis, Vol.14, No.4, 
(Apr 2008), pp.647-649, ISSN 1080-6040 
Otranto, D.; Tarsitano, E.; Traversa D.; Giangaspero A.; De Luca, F. & Puccini, V. (2001). 
Differentiation among three species of bovine Thelazia (Nematoda: Thelaziidae) by 
polymerase chain reaction-restriction fragment length polymorphism of the first 
internal transcribed spacer ITS-1 (rDNA). Int J Parasitol, Vol.31, No.14, (Dec 2001), 
pp.1693-1698, ISSN 0022-7519 
Otranto, D.; Ferroglio, E.; Lia, RP.; Traversa, D. & Rossi, L. (2003b). Current status and 
epidemiological observation of Thelazia callipaeda (Spirurida, Thelaziidae) in dogs, 
cats and foxes in Italy: a "coincidence" or a parasitic disease of the Old Continent? 
Vet Parasitol , Vol.116, No.4, (Oct 2003), pp.315-325 ISSN 0304-4017 
Otranto, D.; Lia. RP.; Buono, V.; Traversa, D. & Giangaspero, A. (2004). Biology of Thelazia 
callipaeda (Spirurida, Thelaziidae) eyeworms in naturally infected definitive hosts. 
Parasitol, Vol.129, Pt.5, (Nov 2004), pp.627-633, ISSN 0971-7196 
Otranto, D.; Lia, RP.; Cantacessi, C.; Testini, G.; Troccoli, A.; Shen, JL. & Wang, ZX. (2005c). 
Nematode biology and larval development of Thelazia callipaeda (Spirurida, 
Thelaziidae) in the drosophilid intermediate host in Europe and China. Parasitol, 
Vol.131, Pt.6, (Dec 2005), pp.847-855, ISSN 0971-7196 
Otranto, D.; Lia, RP.; Testini, G.; Milillo, P.; Shen, JL.; Wang, ZX. (2005a). Musca domestica is 
not a vector of Thelazia callipaeda in experimental or natural conditions. Med Vet 
Entomol, Vol.19, No.2, (Jun 2005), pp.135-139, ISSN 0269-283X 
Otranto, D.; Lia, RP.; Traversa, D. & Giannetto, S. (2003a). Thelazia callipaeda (Spirurida, 
Thelaziidae) of carnivores and humans: morphological study by light and 
scanning electron microscopy. Parassitologia, Vol.45, (3-4):Dec 2003), pp.125-133 
ISSN 0048-2951 
Otranto, D.; Tarsitano, E.; Traversa, D.;, De Luca, F.; Giangaspero, A. (2003c). Molecular 
epidemiological survey on the vectors of Thelazia gulosa, Thelazia rhodesi and 
Thelazia skrjabini (Spirurida: Thelaziidae). Parasitol, Vol.127, Pt.4, (Oct 2003), 
pp.365-373, ISSN 0971-7196 
Otranto, D.; Testini, G.; De Luca, F.; Hu, M.; Shamsi, S. & Gasser, RB. (2005b). Analysis of 
genetic variability within Thelazia callipaeda (Nematoda: Thelazioidea) from Europe 
and Asia by sequencing and mutation scanning of the mitochondrial cytochrome c 
oxidase subunit 1 gene. Mol Cell Probes, Vol.19, No.5, (Oct 2005), pp.306-313, ISSN 
0890-8508 
Otranto, D. & Traversa, D. (2004). Molecular characterization of the first internal transcribed 
spacer of ribosomal DNA of the most common species of eyeworms (Thelazioidea: 
Thelazia). J Parasitol, Vol.90, No.1, (Feb 2004), pp.185-188, ISSN 0022-3395 
Otranto, D.; & Traversa, D. (2005) Thelazia eyeworm: an original endo- and ecto-parasitic 
nematode. Trends Parasitol, Vol.21, No.1, (Jan 2005), pp.1-4, ISSN 1471-4922 
www.intechopen.com
 Thelazia Species and Conjunctivitis 229 
Overend, DJ. (1983). Thelazia gulosa in cattle. Aust Vet J, Vol.60, No.4, (Mar 2008), pp.126-127, 
ISSN 1751-0813 
Pande, BP.; Chauhan, PS.; Bhatia, BB. & Arora, GS. (1970). Studies on bubaline eyeworms 
with reference to the species composition of Thelazia and their pathogenic 
significance. Indian J Anim Sci, Vol.40, pp.330-345, ISSN 0367-8318 
Patton, S. & Marbury, K. (1978). Thelaziasis in cattle and horses in the United States. J 
Parasitol, Vol.64, No.6, (Dec 1978), pp.1147-8 ISSN 0022-3395 
Peng, Y.; Kowalski, R.; Garcia, LS. & Pasculle, W. (2001). Case 279—A case of Thelazia 
californiensis conjunctival infestation in human. Department of Pathology, 
University of Pittsburgh-Columbia 2001, Available from  
 http://www.stanford.edu/class/humbio103/ParaSites2002/thelaziasis/Thelaziasi
s.html 
Railliet, A. & Henry, A. (1910). Nouvelles observations sur les Thelazies, nema-todes 
parasites de l'oeil. Compt Rend Soc Biol, Vol.68, pp.783-785, ISSN 0037-9026  
Price, EW. (1930). A new nematode parasitic in the eyes of dogs in the United States. J 
Parasitol, Vol.17, No.2, (Dec 1930), pp.112-113 ISSN 0022-3395 
Rodrigues, HO. (1992). On Thelazia anolabiata (Molin, 1860) Railliet y Henry, 1910 
(Nematoda, Thelazioidea)—a new host record and systematic considerations. Mem 
Inst Oswaldo Cruz, Vol. 87, Suppl.1, pp.217–222, ISSN 0074-0276 
Roggero, C.; Schaffner, F.; Bächli, G.; Mathis, A. & Schnyder, M. (2010). Survey of Phortica 
drosophilid flies within and outside of a recently identified transmission area of the 
eye worm Thelazia callipaeda in Switzerland. Vet Parasitol Vol.171, No.1-2, (Jul 2010), 
pp.58-67, ISSN 0304-4017 
Rossi, L. & Bertaglia, P. (1989). Presence of Thelazia callipaeda Railliet & Henry, 1910, in 
Piedmont, Italy. Parassitologia, Vol.31, No.2-3, (Aug-Dec), pp.167–172, ISSN 0048-
2951 
Rossi L, Peruccio C (1989) Thelaziosi oculare nel Cane: Aspetti clinici e terapeutici. 
Veterinaria, Vol2, pp.47–50  
Ruytoor, P.; Déan, E.; Pennant, O.; Dorchies, P.; Chermette, R.; Otranto, D. & Guillot, J. 
(2010). Ocular thelaziosis in dogs, France. Emerg Infect Dis, Vol.16, No.12, (Dec 
2010), pp.1943-1945, ISSN 1080-6040 
Salifu, DA.; Haruna, ES.; Makinde, AA. & Ajayi, ST. (1990) A case report of Thelazia infection 
in a 15-month old heifer in Vom, Plateau State, Nigeria. Rev Elev Med Vet Pays Trop, 
Vol.43, No.2, pp.197-198, ISSN 0035-1865 
Schebitz, H. (1960). Eine durch Thelazia lacrimalis beim Pferd verursachte Conjunctivitis 
ulcerosa. Dt. tierarztl. Wschr Vol.67, No.20, pp. 564-567, ISSN 0341-6593  
Seo, M.; Yu, JR.; Park, HY.; Huh, S.; Kim, SK. & Hong, ST. (2002). Enzooticity of the dogs, the 
reservoir host of Thelazia callipaeda in Korea. Korean J Parasitol, Vol.40, No.2, (Jun 
2002), pp.101–103, ISSN 0023-4001 
Sharma, A.; Pandey, M.; Sharma, V.; Kanga, A. & Gupta, ML. (2006). A case of human 
thelaziasis from Himachal Pradesh. Indian J Med Microbiol, Vol.24, No.1, (Jan 
2006), pp.67-69, ISSN 0255-0857 
Shen, JL.; Gasser, RB.; Chu, D.; Wang, ZX.; Yuan, X. & Cantacessi, C. (2006). Human 
thelaziosis:a neglected parasitic disease of the eye. J Parasitol. Vol.92, No.4, (Aug 
2006), pp.872–875 ISSN 0022-3395 
www.intechopen.com
 Conjunctivitis – A Complex and Multifaceted Disorder 230 
Shen, JL.; Wang, ZX.; Luo, QL.; Li, J.; Wen, HQ. & Zhou YD. (2009). Amiota magna as an 
intermediate host of Thelazia callipaeda under laboratory conditions. Chinese J 
Parasitol Parasitic Dis, Vol.27, No.4, (Aug 2009), pp.375-376, ISSN 0022-1767 
Shi, YE.; Han, JJ.; Yang, WY. & Wei, DX. (1988). Thelazia callipaeda (Nematoda: Spirurida): 
Transmission by flies from dogs to children in Hubei, China. Trans R Soc Trop Med 
Hyg, Vol.82, No.4, p.627. ISSN 0035-9203 
Singh, TS. & Singh, KN. (1993). Thelaziasis: Report of two cases. Br J Ophthalmol, Vol.77, 
No.8, (Aug 1993), pp.528–529 ISSN 0007-1161 
Skrjabin, KI.; Sobolov, AA. & Ivashkin, VM. (1971) Essentials of nematodology, Vol.16- 
Spirurata of animals and man and the diseases caused by them, part 4, 
Thelazioidea. Israel Program for Translations, ISBN 978-0706511796, Jerusalem, 
Israel 
Soll, MD.; Carmichael, IH.; Scherer, HR. & Gross, SJ. (1992). The efficacy of ivermectin 
against Thelazia rhodesii (Desmarest, 1828) in the eyes of cattle. Vet Parasitol, Vol.42, 
No.1-2, (Apr 1992), pp.67-71, ISSN 0304-4017 
Soulsby, EJL. (1965). Textbook of veterinary clinical parasitology, vol 1 Helminths. 
Blackwell, Oxford UK  
Soulsby, EJL. (1986.) Helminths, arthropods and protozoa of domesticated animals. (7th ed.) 
Bailliere Tindall, ISBN 9780-8121-07807, London UK 
Stewart MA (1940) Ovine thelaziasis. J AmVet Med Ass, Vol.96,No.757, pp.486-490 ISSN 
0003-1488 
Stuckey, EJ. (1917). Circumocular filariasis.Br J Ophthalmol, Vol.1, No.9, (Sep 1917), pp.542-
546 ISBN ISSN 0007-1161, Reprint from: Chinese Med J, Jan 1917  
Tarsitano, E.; Traversa, D.; DeLuca, F.; Guida, B. & Otranto, D. (2002) Intraspecific and 
interspecific differences in the ITS-I (rDNA) of four species of Thelazia (Nematoda: 
Thelaziidae). Parassitologia. Vol.44, No.1, p.181, ISSN 0048-2951 
Taylor, SK.; Vieira, VG.; Williams, ES.; Pilkington, R.; Fedorchak, SL.; Mills, KW.; Cavender, 
JL.; Boerger-Fields, AM. & Moore, R. (1996). Infectious keratoconjunctivitis in free-
ranging mule deer (Odocoileus hemionus) from Zion National Park, Utah. J Wildl 
Dis, Vol.32, No.2, (Apr 1996), pp.326-330, ISSN 0090-3558 
Traversa, D.; Otranto, D.; Iorio, R. & Giangaspero, A. (2005) Molecular characterization of 
Thelazia lacrymalis (Nematoda, Spirurida) affecting equids: a tool for vector 
identification. Mol Cell Probes, Vol19, No.4, (Aug 2005), pp.245-249, ISSN 0890-
8508 
Tretjakowa, ON. (1960). Thelaziasis in horses. Veterinariya, Vol.37, p.58, ISSN 0042-4846 
Turfrey, BA. & Chandler, RL. (1978). Incidence of thelazia nematodes in the eyes of cattle at 
a research institute in Berkshire. Vet Rec, Vol.102, No.19, (May 1978), p.23, ISSN 
0042-4900 
Tweedle, DM.; Fox, MT.; Gibbons, LM. & Tennant, KV. (2005). Change in the prevalence of 
Thelazia species in bovine eyes in England. Vet Rec, Vol.157, No.18, (Oct 2005), 
pp.555-556, ISSN 0042-4900 
Van Aken, D.; Dargantes, AP.; Lagapa, JT. & Vercruysse, J. (1996). Thelazia rhodesii 
(Desmarest, 1828) infections in cattle in Mindanao, Philippines. Vet Parasitol, 
Vol.66, No.1-2, (Nov 1996), pp.125-129, ISSN 0304-4017 
www.intechopen.com
 Thelazia Species and Conjunctivitis 231 
Vilagiova, I. (1967). Results of experimental studies on the development of pre-invasive 
stage of worms of the genus Thelazia Bosc 1819 (Nematoda: Spirurata) parasitic in 
the eye in the cattle. Folia Parasitol (praha), Vol.74, pp.275–280, ISSN 0015-5683  
Vohradsky, F. (1970). Clinical course of Thelazia rhodesii infection of cattle in the Accra plains 
of Ghana. Bull Epizoot Dis Afr, Vol.18, No.2, (Jun 1970), pp.159-170, ISSN 0007-487X  
Walker, ML. & Becklund, WW. (1971). Occurrence of a cattle eyeworm, Thelazia gulosa 
(Nematoda: Thelaziidae), in an imported giraffe in California and T. lacrymalis in a 
native horse in Maryland. J Parasitol, Vol.57, No.6, (Dec 1971), pp.1362-3, ISSN 
0971-7196 
Wang, KC.; Wang, ZX. & Shen, JL. (1999). Canine infection with Thelazia callipaeda and 
human thelaziosis. J Trop Dis Parasitol, Vol.28, pp.216–218  
Wang, YJ.; Penia, L.; & Lin, L. (2002). A case of thelaziasis in Guang’an of Sichuan, China. 
Bull Endemic Dis, Vol.17, No.58, ISBN 0007-4845 
Wang, ZX.; Chen, Q. & Jiang, BL. (2002). Epidemiology of thelaziasis in China. Chinese J 
Parasitic Dis Control. Vol.6, pp.335–337  
Wang, ZX.; Du, JS. & Yang, ZX. (1998). The epidemiologic determinants and mechanism of 
transmission of thelaziosis in China. Chinese J Zoonoses, Vol.4, pp.30–32, ISSN 
1002-2694 
Wang, ZX.; Shen, JL. & Du, JS. (2003). Studies on the relationship between alternative 
generation of house dogs and control of human thelaziosis. J Trop Dis Parasitol, 
Vol.1, pp.204–207, ISSN 
Wang, ZX.; Shen, JL.; Wang HY. & Otranto, D. (2006). An update on the research of human 
thelaziosis. Chinese J Parasitol Parasitic Dis, Vol.24, No.4, (Aug 2006), pp.299-303, 
ISSN 0022-1767 
Wang, ZX.; Wang, KC. & Chen, Q. (2002). Experimental studies on the susceptibility of 
Thelazia callipaeda to Amiota okadai in three provinces of China. Chinese Journal of 
Zoonoses, Vol.18, pp.61–63. ISSN 1002-2694 
Wang, ZX. & Yang, ZX. (1985). Experimental observations on the biological features and 
pathogenicity of Thelazia callipaeda parasitized in rabbits. Chinese J Parasitol 
Parasitic Dis, Vol.3, No.2, pp.128-130 ISSN 0022-1767 
Wertheim, G. & Giladi, M. (1977). Helminths of birds and mammals of Israel. VII. - 
Pneumospirura rodentium n. sp. (Pneumospiruridae - Thelazioidea). Ann Parasitol 
Hum Comp. Vol.52, No.6, (Nov-Dec 1977), pp.643-646, ISSN 0003-4150 
Xue, C.; Tian, N. & Huang, Z. (2007). Thelazia callipaeda in human vitreous. Can J 
Ophthalmol Vol.42, No.6, (Dec 2007), pp.884-885, ISSN 0008-4182  
Yamaguti, S. (1961). Systema Helminthum, vol. 3. The nematodes of vertebrates, part 1 and 
2. Interscience Publishers, ISBN 978-0470970201, New York, USA 
Yang, CH.; Tung, KC.; Wang, MY.; Chan,g SC.; Tu, WC.; Wang, KS.; Shyu, CL. & Lee, WM. 
(2006). First Thelazia callipaeda infestation report in a dog in Taiwan. J Vet Med Sci 
Vol.68, No.1, (Jan 2006), pp.103-104, ISSN 0916-7250 
Yang, YJ.; Liag, TH.; Lin, SH.; Chen, HC.; & Lai, SC. (2006). Human Thelaziasis occurrence 
in Taiwan. Clin Exp Optom, Vol.89, No.1, (Jan 2006), pp.40–44, ISSN 0816-4622 
Yospaiboon, Y.; Sithithavorn, P.; Maleewong, V.; Ukosanakarn, U. & Bhaibulaya, M. (1989). 
Ocular thelaziasis in Thailand: a case report. J Med Assoc Thai, Vol.72, No.8, (Aug 
1989), pp.469-73, ISSN 0125-2208 
www.intechopen.com
 Conjunctivitis – A Complex and Multifaceted Disorder 232 
Youn, H. (2009). Review of Zoonotic Parasites in Medical and Veterinary Fields in the 
Republic of Korea. Korean J Parasitol. Vol.47, Suppl, (Oct 2009), pp.S133-S141, ISSN 
0023-4001  
Zakir, R.; Zhong-Xia, ZP.; Chiodini, P. & Canning, CR. (1999). Intraocular infestation with 
the worm, Thelazia callipaeda. Br J Ophthalmol, Vol83, No.10, (Oct 1999), pp.1994-
1995,. ISSN 0007-1161 
www.intechopen.com
Conjunctivitis - A Complex and Multifaceted Disorder
Edited by Prof. Zdenek Pelikan
ISBN 978-953-307-750-5
Hard cover, 232 pages
Publisher InTech
Published online 23, November, 2011
Published in print edition November, 2011
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
This book presents a number of interesting and useful aspects and facets concerning the clinical features,
properties and therapeutical management of this condition. Dr. H. Mejía-López et al. present an interesting
survey of the world-wide epidemiologic aspects of infectious conjunctivitis. Dr. U. Ubani evaluates conjunctival
symptoms/signs participating in the clinical features of this disorder. Dr. A. Robles-Contreras et al. discuss
immunologic aspects underlying possibly the conjunctivitis. Dr. Z. Pelikan presents the cytologic and
concentration changes of some mediators and cytokines in the tears accompanying the secondary conjunctival
response induced by the nasal challenge with allergen. Dr. S. Sahoo et al. summarize the treatment and
pharmacologic control of particular clinical forms of conjunctivitis in general practice. Dr. S. Leonardi et al.
explain the basic pharmacologic effects of leukotriene antagonists and their use for the treatment of allergic
conjunctivitis. Dr. J.A. Capriotti et al. evaluate the therapeutical effects of various anti-adenoviral agents on the
acute conjunctivitis caused by adenovirus. Dr. V. Vanzzini-Zago et al. assess the prophylactic use and efficacy
of "povidone-iodium solution", prior the ocular surgery. Dr. F. Abazi et al. present the clinical features,
diagnostic and therapeutical aspects of "neonatal conjunctivitis". Dr. I.A. Chaudhry et al. review the special
sub-form of conjunctivitis, being a part of the "Trachoma". Dr. B. Kwiatkowska and Dr. M. Maślińska describe
the clinical, pathophysiologic and immunologic features of conjunctivitis. Dr. S. Naem reviews the conjunctivitis
form caused by Thelazia nematodes, occurring principally in animals.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Soraya Naem (2011). Thelazia Species and Conjunctivitis, Conjunctivitis - A Complex and Multifaceted




Fax: +385 (51) 686 166
www.intechopen.com
Fax: +86-21-62489821
© 2011 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
